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OUR PRESIDENT 
ERIC HAROLD EWERTZ 


At the annual meeting E. H. 
Ewertz was elected president of the 
American -Welding Society. He is a 
native of Sweden, where he was born 


E. H. EWERTZ 


at Karlskrona, June 3, 1873. Having 
attended the grammar and high 
schools in his home town, Mr. Ewertz 
entered the Mechanical Engineers 
College at Malmo, Sweden and grad- 
uated on his eighteenth birthday. He 
then went to Berlin, Germany, in 
order to continue his studies. 

Going afterward to the United 
States, Mr. Ewertz located in Eliza- 
beth, where he held the position of 
chief of construction at the Crescent 
Shipyard. He left this to become su- 
perintendent of the hull and engineer- 
ing departments at the Fall River 
Shipbuilding Corporation of Quincy, 


Mass., having charge of all subma- 
rine boat construction and later be- 
coming general superintendent of the 
Fall River plant. Mr. Ewertz ac- 
cepted the position of General Super- 
intendent of the Bethlehem Shipbuild- 
ing Corporation plants at Squantum, 
Mass., and after a time was trans- 
ferred to their large plant in Eliza- 
beth as General Manager, where he is 
now located. 

Mr. Ewertz was one of the found- 
ers of the American Welding Society, 
having become identified with the 
welding movement during the war as 
one of the active members of the 
Welding Committee of the Emergency 
Fleet Corporation. Recognizing its 
possibilities, he has been one of the 
most loyal supporters of welding and 
active in promoting the affairs of the 
Society. He served for two years as 
Chairman of the New York Section. 
One of the outstanding accomplish- 
ments of the Electric Arc Welding 
Committee is a critical review of ex- 
isting information on the application 
of arc welding to ship construction. 
This work has been due to the untir- 
ing efforts of Mr. Ewertz. We are 
fortunate indeed to be able to secure 
as our leader a man of the ability, 
standing and _ reputation of Mr. 
Ewertz. 


IMPORTANT NOTICE 


The Membership Directory of the 
American Welding Society will be 
printed as the August, 1924, issue of 
the Journal. In order to get this issue 
out in time it will be necessary for us 
to have all the material in the hands 
of the printer by the Ist of July. 

This directory is a blue book of 
those identified with the welding in- 
dustry. If you are interested in weld- 
ing, it is to your advantage to have 
your name included. This list will 
undoubtedly be used as a mailing list 
by the entire welding fraternity. If 
your name is not in !t you will be out 
of touch with the latest welding de- 
velopments. 
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Members are urged to pay their 
dues promptly, as it has been gdecided 
not to include delinquent members. 

The Membership Committee would 
appreciate it if every member would 
at once secure at least one new mem- 
ber in order that his name might be 
included. We should have over 1000 
names in this directory as paid-up 
members of the American Welding 
Society. It is up to you to do your 
share. If you cannot convince a 
prospective member of the advantages 
of joining the Society kindly send to 
the Secretary his name and address 
and we will forward him literature 
which will give full information con- 
cerning our work. 


DON’T PUT IT OFF! ONLY A 
FEW WEEKS LEFT. 


SECTION MEETINGS 


During the summer most of the 
local sections of the Society are plan- 
ning to arrange their programs of 
meetings for the coming year. In 
this connection it is desirable to call 
attention to the responsibility of 
members. 

Take for example the last meeting 
of the New York Section. The 
speaker was S. W. Miller, Chairman 
of the Gas Welding Committee. The 
subject of his address was “Welding 
of Manganese Steel.” In order to se- 
cure the information for the members 
of the Society, Mr. Miller and his 
company was put to a great deal of 
expense in both time and money. An 
idea of the value of the paper as pre- 
sented can be gained by reading it 
elsewhere in this Journal. Although 
about 800 notices were sent out to 
those who should be interested in this 
subject the attendance was approxi- 
mately sixty. 

The above is given as an illustra- 
tion of the lack of courtesy and ap- 


Annual 


The fifth annual meeting of the 
American Welding Society was the 
most successful since its organization 
in 1919. The Society is now estab- 
lished on a firm foundation. Although 
its growth has not been by leaps and 
bounds as originally anticipated, nev- 
ertheless its sure steady climb is a 
source of gratification to all its mem- 
bers. 

The meeting opened on Wednesday 
morning with a session of the re- 
search committee on Resistance Weld- 


preciation shown by a great number 
of our members to the speakers and 
officers of their section. Mr. Miller, 
for example, has an_ international 
reputation as an authority on welding 
matters. It is a privilege to be able 
to profit of his knowledge and experi- 
ence simply by spending a few hours. 

Of course members may argue that 
they can read the paper afterward in 
the Journal of the Society. In 
answer, however, it should be pointed 
out that not all papers presented be- 
fore Section meetings are published 
by the Society, and very rarely are 
the discussions included. For ex- 
ample, in the instance cited there was 
fully as much information brought 
out in the answers to questions given 
by Mr. Miller and J. H. Hall of the 
Taylor-Wharton Iron and Steel Com- 
pany as in the article itself. Again, 
it should be pointed out that the 
officers of the Sections spend a lot of 
time in arranging for meetings for 
which time they do not receive any 
returns except the satisfaction of 
knowing that they are helping to 
boost the welding industry. The least 
that our members can do is to attend 
the meetings and participate in the 
discussion. 

It may be interesting to compute 
the cost of- such a meeting to the 
American Welding Society, exclusive 
of the time of the speakers and 
officers of the section, and the cost of 
the investigation which, of course, 
the Society could not hope to pay for. 
The meeting room in this instance 
cost $40. The time of the lantern 
slide operator, $7.50. Time, material 
and postage for mailing 800 notices, 
$64. The total is $111.50. There 
were about sixty members in attend- 
ance, making the cost per member 
$1.85. If, as should have been the 
case, 300 members were in attendance 
the cost per member would have been 
$0.37. 


Meeting 


ing of the American Bureau of Weld- 
ing. The progress made by the Com- 
mittee during the past year was re- 
viewed and the chairman ‘called at- 
tention to the fact that the report on 
the present state of the art of seam 
welding was completed and __pub- 
lished. A report on spot welding, 
prepared by Mr. Remington, was pre- 
sented and it was voted to send this 
out to the members of the committee 
for their comments. During the com- 
ing year it is expected that work will 
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be continued on the determination of 
proper chemical and physical compo- 
sition of metal best suited for resist- 
ance welding. Technical information 
will be compiled regarding electrical 
energy, time, pressure and selection 
of materials to be welded by the re- 
sistance processes. 

The Electric Arc Welding Commit- 
tee held a meeting Wednesday after- 
noon. As usual this meeting was well 
attended by members of the commit- 
tee and the Society. The report on 
the application of are welding to ship 
construction was completed and pub- 
lished in Marine Engineering and 
was later reprinted as a bulletin of 
the Society. A critical review on ex- 
isting information on are welding of 
non-ferrous metals was also com- 
pleted and published. A series of in- 
vestigations will be made to secure 
further data on this latter subject. 
During the coming year it is planned 
to complete a very comprehensive se- 
ries of tests started during the war 
on the fundamentals of are welding. 
These samples were made up and 
carefully machined at the time and 
sent to the Electrical Testing Labora- 
tories. These samples will now be 
reshipped to Union College, where 
they will be tested without charge to 
the Committee. 

The first annual smoker of the So- 
ciety was held Wednesday evening. 
Those who were there will remember 
very pleasantly the enjoyable even- 
ing spent on this occasion. The mas- 
ter of ceremonies was C. J. Holslag. 
There were smokes, pretzels and a 
“special punch” which helped to make 
the meeting a success. A very re- 
markable picture on the part that 
welding plays in the construction of 
a modern automobile body was shown 
by J. W. Meadowcroft of the E. J. 
Budd Manufacturing Co. A. M. Candy 
of the Westinghouse Electric & Mfg. 
Co. entertained the members by read- 
ing a specially prepared paper deal- 
ing with the humorous aspects of 
welding and facts concerning the of- 
ficers and founders of the American 
Welding Society. 

The business session of the Society 
was held on Thursday morning. The 
meeting was presided over by T. F. 
Barton, who presented a report of 
the year’s activities and pointed out 
the possibilities of the Society. Other 
reports presented were those of the 
Meetings and Papers Committee and 
the research department (American 
Bureau of Welding). These reports 
were published in the April issue of 
the Journal. R. E. Bruckner, chair- 
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man of the Teller’s Committee, re- 
ported the unanimous election of the 
following officers of the American 
Welding Society: President, E. H. 
Ewertz, general manager Moore 
Plant, Bethlehem Shipbuilding Cor- 
poration, Elizabeth, N. J.;  vice- 
presidents, Middle Eastern Division, 
J. D. Conway, secretary-treasurer The 
Railway Supply Mfg. Assn., Pitts- 
burgh, Pa.; Middle Western Division, 
Henry S. Mann, district manager 
Metal & Thermit Corp., Chicago, IIl.; 
New York and New England Divi- 
sion, T. A. Wry, General Electric Co., 
Lynn, Mass.; directors: J. H. Deppe- 
ler, Metal & Thermit Corp., New 
York; A. S. Kinsey, Air Reduction 
Sales Co., New York; E. M. T. Ryder, 
Third Avenue Railway System, New 
York; W. A. Slack, Torchweld Equip- 
ment Co., Chicago, IIl. 

At the meeting of the Board of 
Directors on Thursday afternoon 
careful consideration was given to 
increasing the membership of the 
Society. During the past year the 
attention of the officers has been con- 
centrated on accomplishments and the 
development of organization rather 
than on securing new members. It 
was felt that as soon as the Society 
had to its credit a number of out- 
standing accomplishments that efforts 
in securing new members would be 
very much easier. The time has ar- 
rived when the American Welding 
Society is recognized as the most au- 
thentic source for welding informa- 
tion in the world. A number of sug- 
gestions were made for increasing 
the membership which involve the 
cooperation of every member of the 
Society. You can expect a request 
for help very shortly from the Mem- 
bership Committee. Mr. C. A. Me- 
Cune and Miss M. M. Kelly, the 
present Treasurer and Secretary of 
the Society were reappointed. In ad- 
dition to the officers, the following 
members of the Board of Directors 
will serve as the Executive Commit- 
tee of the Society; Messrs. H. S. 
Smith, A. S. Kinsey, E. M. T. Ryder, 
C. J. Holslag, A. G. Oehler and J. H. 
Deppeler. The new chairmen of the 
standing committees are given on the 
— of the front cover of the Jour- 
nal. 

About 100 members of the Society 
and their guests went on an inspec- 
tion trip Thursday afternoon, to the 
Brooklyn Navy Yard. The party was 
escorted through a portion of the 
main machine shop where Diesel en- 
gines are being built for new sub- 
marines. Welding plays an important 


part in the construction of these en- 
gines. Manifolds, tees, wye connec- 
tions, water jackets, etc., are made 
of thin steel plates fabricated and 
welded. The New York Navy Yard 
generates oxygen and hydrogen with 
an electrolytic equipment, comprising 
32-1000-ampere, 25-500-ampere and 
24-250-ampere cells, having a _ total 
capacity of about 10,000 cu. ft. of 
oxygen and 20,000 cu. ft. of hydro- 
gen per 24 hr. The oxygen cylinders 
are periodically tested with an ap- 
paratus that indicates the expansion 
of the cylinder under pressure of 
3000 lb. per square inch. The acety- 
lene plant comprises acetylene gener- 
ators, cylinder inspection, condition- 
ing, and acetone recharging appar- 
atus, and the acetylene compressing 
pumps and manifolds. The party 
went on board the Colorado and spent 
some time inspecting the equipment. 
The armament comprises 8-16 in. tur- 
ret guns, 14-5 in. secondary guns, 
4-3 in. anti-aircraft guns, and 2-21 in. 
submerged torpedo tubes. The crew 
consists of 61 officers and 1565 men. 
In marked contrast with this mag- 
nificent fighting arm of the nation 
was the melancholy sight presented 
at the shipways where the North Da- 
kota and. the Indiana are being cut 
into scrap under the direction of Lt. 
G. J. Shaw, U. S. N., at the rate of 
about 1000 tons a week. The steel 
work is cut with oxyacetylene torches 
to car-shipping size—8 ft. by 22 to 30 
ft. Lieutenant Shaw expects to clean 
up both vessels by July 1. A _ photo- 
graph of the inspection party with 
the battleship Arkansas and the ship- 
ways as a background is shown else- 
where in this Journal. 

The third annual dinner of the 
Society was held Thursday afternoon 
in the Park Avenue Hotel. About 100 
people were present. The annual din- 
ner has come to be looked upon as the 
outstanding feature of the annual 
program. On this occasion in addi- 
tion to the usual professional talent, 
members were entertained by solos 
of two of our Past Presidents, Messrs. 
C. A. McCune and J. H. Deppeler. 
There were many impromptu speeches 
made by the Past Presidents of the 
Society, Officers of Sections and 
others interested in its welfare. In 
addition, there were two prepared 
addresses by Messrs. James Larkin, 
Assistant to President, Bethlehem 
Steel Corporation, and Harry Vought, 
Secretary of the Railway Club, that 
were both instructive and entertain- 
ing. 

The annual meeting of the Ameri- 
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can Bureau of Welding was held on 
Friday, April 25. The annual report 
of the Bureau was published in the 
April issue of the Journal. Several 
committees that have completed their 
work were discharged. It is planned 
during the coming year to organize a 
new committee seeking to extend the 
applications of welding in the struc- 
tural field. Those who were present 
were of the opinion that the Bureau 
had reached a new era of develop- 
ment. Its past accomplishments has 
placed it in a position to undertake 
large projects which, with the aid of 
the National Research Council, can 
be properly financed. Our little 
American Welding Society, through 
its research department, the Bureau, 
is successfully conducting more re- 
search work than any other society. 

A meeting of the Gas Welding 
Committee was held on Friday after- 


Section 
Philadelphia 


The annual meeting of the Phila- 
delphia Section was held on April 21st 
in the Engineer’s Club. J. W. Mead- 


MR. J. W. MEADOWCROFT 
Newly Elected Chairman, Philadelphia 
Section 


oweroft of the E, J. Budd Manufac- 
turing Co, presented a moving pic- 
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noon. Further progress was made on 
the summary of information on weld- 
ing of pipe lines. A preliminary re- 
port on the welding of manganese 
steel was prepared by the Chairman 
and accepted for publication. It ap- 
pears elsewhere in this journal. 

The prediction of the Meetings and 
Papers Committee that the subject, 
“Flexibility vs. Rigidity in the Design 
of Welds,” would be of interest to the 
members of the Society was borne out 
by the discussion which took place at 
the technical session Friday after- 
noon. Five experts, Messrs. J. C. 
Lincoln, S. W. Miller, C. J. Holslag, 
H. A. Woofter and J. H. Deppeler 
treated the subject from the point of 
view of the several processes of weld- 
ing. These papers were published in 
the April issue of the Journal. This 
session concluded the most successful 
meeting held by the American Weld- 
ing Society. 


Activities 


ture and lecture on the welding of all 
steel automobile bodies. 


At this meeting the following offi- 


cers were elected to serve for the 
coming year: Chairman, J. W. Mead- 
owcroft; vice-chairman, A. Schroeder; 
secretary, H. E. Hopkins; treasurer, 
C. W. Bates. 


Chicago 


The April meeting of the Chicago 
Section was held on April 4th in the 
rooms of the Western Society of En- 
gineers. W. L. Senhert of the Chi- 
cago Welded Products Company de- 
livered an address on “Job Welding 
Shop.” His lecture was accompanied 
by lantern slides showing many large 
welding jobs performed under his su- 
pervision during the past few years. 
A spirited discussion followed as to 
the methods and processes involved, 

The second paper entitled “Com- 
pressed-Dissolved Acetylene” was 
read by M. A. Dantzler of the Gas 
Tank Recharging Company. 

The May meeting of the Chicago 
Section was held on May 2nd in the 
rooms of the Western Society of En- 
gineers. A new motion picture film, 
“Oxygen, the Wonder Worker,” was 
presented by a representative of the 
Air Reduction Sales Company. An 
added feature of the program was the 
serving of refreshments. This was 
the last meeting of the Chicago Sec- 
tion. 
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Pittsburgh 


The annual meeting of the Pitts- 
burgh Section was held on Tuesday, 
April 22nd at the Fort Pitt Hotel. 
The following officers were elected to 
serve for the coming year: Chairman, 
J. D. Conway; first vice-chairman, 
H. D. Kelley; second vice-chairman, 
A. M. Candy; secretary and treasurer, 
H. E. Hollis. 

Executive Committee — (To serve 
for 3 years) A. M. Candy, H. D. Kel- 
ley, F. S. Austin, J. A. Warfel; (to 
serve for 2 years) S. W. Mann, G. H. 
Danforth, Andrew Smith and E. L. 
Schaffer; (to serve for 1 year) J. B. 
Flock, W. M. Finlayson, J. L. Leeper, 
L. W. Mesta. 

A. G. Bissell, general engineer of 
the Westinghouse Electric and Mfg. 
Co., addressed the Society on “Arc 
Welding in a Navy Yard.” 


New York 


No meeting of the New York Sec- 
tion was held in April as it was felt 
desirable to follow out the policy of 
regarding the technical session of the 
annual meeting of the national soci- 
ety as the méeting of the section. 

The May meeting was held in the 
Engineering Societies Building on 
May 13th, at which time S. W. Miller 
presented a paper on the “Welding of 
Manganese Steel.” This paper was 
in reality a report of the Gas Weld- 
ing Committee of the American Bu- 
reau of Welding and is a summary of 
the conclusions obtained from the in- 
vestigational work under the supervi- 
sion of Mr, Miller in this direction. 
At this meeting the officers for the 
coming year were elected. 


Northern New York—Western New York 


The twenty-first meeting of the 
Northern New York Section was held 
in the Chamber of Commerce rooms, 
Rochester, on April 16th. The pur- 
pose of this meeting was to assist in 
the organization of the Western New 
York Section. B. C. Tracey, chairman 
of the Membership Committee of the 
Northern New York Section, presided. 

C. A. McCune, treasurer of the Na- 
tional Society, gave a short talk on 
the organization and the aims of the 
Society. A motion was passed pro- 
posing the organization of a Western 
New York Section, and the following 
officers were elected: Chairman, G. W. 
Swan; vice-chairman, W. B. Miller; 
secretary-treasurer, Carl D. Miller. 

E. Vom Steeg, Jr., of the General 
Electric Company gave an illustrated 
talk on “Applications of Modern 
Are Welding.” 


[May 


W. B. Miller of the Pfaudler Com- 
pany presented a paper on “Some 
Problems in Welding Steel with the 
Oxy-Acetylene Torch and the Elec- 
tric Are Process.” A spirited discus- 
sion followed these two papers. 

Mr. Tracey in closing the meeting 
gave a short talk outlining the bene- 
fits of membership in the Society. 
About 65 were in attendance. 


Northern New York 


The following officers were elected 
to serve for the coming year: Chair- 
man, D. H. Deyoe; first vice-chair- 
man, E. W. Bradford; second vice- 
chairman, W. L. Warner; secretary, 
V. J. Chapman; treasurer, J. C, Hoar. 
Directors (to serve for 2 years) J. C. 
Hoar, R. E. Wagner; (at large) R. D. 
Reed (to serve for 1 year). 


San Francisco 


The March meeting of the San 
Francisco Section was held on the 
2ist. At this meeting a paper was 
presented by James Weller, superin- 
tendent of the General Metals Supply 
Company, Oakland, Cal. Mr. Weller 
described the part that the acetylene 
torch is playing in dismantling the 
battleships that are being turned into 
scrap metal at the Union Construc- 
tion Company’s plant at Oakland. 
Some very interesting photographs of 
the work were shown. 

The April meeting of the Section 
was held on the 18th in the Engi- 
neers’ Club. C. R. Price, welding 
foreman of the Associated Oil Refin- 
ery at Avon, Cal., presented a paper 
dealing with “Welding Shop Experi- 
ence in an Oil Refinery.” Several 
other speakers presented their own 
experience in relation to shop prac- 
tice. 


Boston 


The April meeting of the Boston 
Section was held on the 11th at the 
plant of the General Welding and 
Equipment Company. About 150 
were present at this meeting. The 
feature of the meeting consisted of a 
demonstration of the largest auto- 
matic gas cutting machine ever con- 
structed. Dr. A. Krebs gave an intro- 
ductory talk about machine cutting. 
I. Allison presented a very interesting 
address on machine cutting in rail- 
road shops. D. H, Miller of the Back 
Bay Welding Company gave a very 
interesting demonstration of alum- 
inum welding. 

The annual meeting of the Boston 
Section was held on May 9th at the 
General Electric Company, River 
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Works plant. Elaborate plans are 
being made to have this meeting the 
feature of the year. 


Western New York 


The second meeting of the Western 
New York Section was held in the 
Statler Hotel, Buffalo, N. Y. The 
speaker was Professor A. S. Kinsey, 
who presented a talk on “Liquid Oxy- 


SOCIETY ACTIVITIES yg 
gen the Wonder Worker.” Actual 
demonstrations were made of the 


many uses of liquid oxygen. 
Kansas City 


The organization meeting of the 
Kansas City Section was held on 
April list. The temporary officers 
elected were given in the April issue 
of the Journal. 


EMPLOYMENT SERVICE BULLETIN 


Opportunities.—The Society is glad to learn of desirable opportunities from 
responsible sources, announcements of which will be published without charge 
in the Bulletin. 


Services Available-—Under this heading brief announcements (not more 
than seventy-five words in length) will be published without charge to mem- 
bers. Announcements will not be repeated except upon request received after 
an interval of three months; during this period, names and records will re- 
main in the office reference files. 


Note.—Copy for publication in the BULLETIN should reach the Society’s 
Office not later than the thirtieth of the month if publication in the following 
issue is desired. ALL REPLIES should be Addressed to the Number Indi- 
cated in Each Case and Mailed to Society Headquarters. 


Positions Vacant 


V-16. Manager wanted to take charge of Chicago office of manufacturer of 
electric welding equipment. Should have (1) intimate knowledge of electric 
welding, both arc and resistance, (2) experience in sale of electric welding 
machines, preferably, but not essentially, in the Chicago district. Please cover 
these points fully in your first letter. 


V-17. Need a young salesman who understands the operation of welding and 
cutting apparatus, to assist us in selling our oxy-acetylene welding and cutting 
equipment in the eastern territory. 


EMBLEM 


All members of the Society are privileged to wear the 
Society emblem. Emblems may be obtained in two styles 


from the Secretary's office. 


Price, gold-filled, 75c; 14-K. gold, $5.00. 
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Welding of Manganese Steel* 


Preliminary Report of the Gas Welding Committee of the 
American Bureau of Welding 


The work of the sub-committee on the Welding of Manganese 
Steel has been hindered by the untimely death of its chairman, 
Mr. Napolitan. Therefore the chairman of the Main Committee 
has taken upon himself to start the work by making some pre- 
liminary investigations of what happens during the welding of 
manganese steel, of how the actual operation may be best con- 
ducted, and of what the structural results of the welding are in 
both the base metal and weld. It will probably be well to discuss 
briefly what manganese steel is, what its properties are, and why 
it has those properties, and to do this intelligently, it will be néces- 
sary to say some things about steel in general. 

Steel is essentially an alloy of iron and carbon. Soft steel, such 
as boiler plate, contains about 0.20 per cent carbon. Steels from 
which forgings are made which need strength, contains from 0.40 
to 0.50 per cent carbon. Railroad rails contain about 0.70 per cent 
carbon. Tool steels contain from 0.80 to 114 per cent carbon. 

Commercial steel contains other elements besides carbon. Among 
these are manganese, silicon, phosphorus and sulphur. The amount 
of manganese in the steels above referred to will range from about 
0.3 per cent to 0.7 per cent. We are not concerned at present with 
the amounts of the other elements, although they are always small. 
It may be said that it is desirable to keep the phosphorus and sul- 
phur at as low a point as possible, because of their adverse in- 
fluence on the quality of steel, and that silicon in the amount usual- 
ly present has but little influence on the properties of the steel. 

The influence of manganese on the strength of ordinary steel is 
direct and indirect. Direct in that it increases the tensile strength 
and yield point, and indirect in that it prevents the sulphur from 
being as harmful as it would be if no manganese were present; but, 
after all, the effects of manganese in ordinary steel are rather un- 
important, carbon being the element which confers on steel its 
valuable properties. 

The properties of ordinary carbon steel are greatly changed by 
heat treatments of various kinds. In the case of tool steel, which 
having the highest amount of carbon, most readily responds to heat 
treatment, it can be made soft and easily machinable, or glass hard, 
so that no tool except an emery wheel will touch it. As the carbon 
content decreases, the hardness with a given heat treatment also 
decreases, and with 0.20 per cent carbon steel even quenching from 
a very high temperature in ice water will not prevent the steel from 
being machined. 


These changes in physical properties are revealed by micro- 


*Prepared by Mr. S. W. Miller, Chairman Gas Welding Committee. 
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scopic examination, and it is found that they are entirely structural, 
that is, hardening produces no chemical change in the steel. 

When steel is melted the liquid mass consists essentially of a solu- 
tion of carbon in iron, just as water containing salt is a solution of 
salt water, and the freezing of liquid steel is entirely analogous to 
the freezing of water, except that the former occurs at a very 
much higher temperature than the latter. One other analogy may 


Pt 


gh 


Fig. 1. Structure of very low carbon steel wire. The grains are 
usually irregular and have rounded boundaries. 200X. 


be noted, which is that just as when the solution of salt and water 
freezes, the salt crystallizes out as such, leaving the ice as pure 
frozen water, so does liquid steel during its fall to room tem- 
perature reject the rarbon, which crystallizes out as iron carbide, 
the main body of the steel being practically pure iron which has no 
solvent power for carbon at room temperature. 

It has been found that during the freezing and cooling of steel 
certain changes in its structure take place which are readily ob- 
served under the microscope and which can be retained, to some 
extent at least, by quenching the steel at the different temperatures 
at which the changes occur. This quenching, however, even al- 
though very severe, will not entirely retain the changes in the steel 
because of their exceedingly fast occurrence during cooling, and 
also because of the comparative slowness of the cooling itself. Even 
a small piece of steel, say 14 in. square and 14 in. thick, will remain 
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visibly red for several seconds when quenched in water, and during 
this time changes in structure can occur quite easily. 

No matter what the rate of cooling, these changes or transfor- 
mations must occur on the cooling down from the melted condition. 
The resulting structures are five in number and are called: 

Austenite Troostite Pearlite. 
Martensite Sorbite 


The first four are named in honor of celebrated scientists and 
metallurgists. The last one is so called because of its iridescent ap- 
pearance and similarity, when etched, to mother-of-pearl. 


Fig. 2 (upper left). Weld A. As welded. Weld at left. Zones of irregular and uneven 
composition due to technique used. Weld not very clean. 1% times. 
Fig. 3 (upper right). Weld A quenched from 1150° C. Weld at left. Weld structure 
not entirely changed to austenite and zones not entirely removed. 1.5 x. 
Fig. 4 (lower left). Weld B as welded. Structure in weld very uniform and sound 
Weld at left. Base metal at right. 1% times. 
Fig. 5 (lower right). Weld B. Quenched from 1150° C. Weld at left. Coarse radia! 
structure destroyed. Weld sound. 1% times. 


These changes occur in a steel of given carbon content at definite 
temperatures on both heating and cooling, and it is to be under- 
stood that they do not take place instantaneously and that time is 
required for them to occur completely. We are only concerned at 
present with two of them—austenite and martensite—because oi 
their bearing on manganese steel. 

It has been stated before that melted steel is a solution of carbon 
in iron. This solution is maintained as the steel solidifies, until a 
certain temperature is reached, which depends on the amount of 
carbon present. Above this temperature the steel is red hot a'- 
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though solid, so that in this condition the solution is called a solid 


solution for obvious reasons. Below this temperature the carbon 
begins to crystallize out as iron carbide and the structure existing 
is called martensite, so that it is customary to speak of the tem- 
perature at which the change occurs, as a critical temperature or 
critical point, and for certain reasons it is called the upper critical 


Fig. 6. Weld A. Quenched at 1050° C. View in weld. Even at this 

temperature some martensitic areas remain in this weid. Other 

areas of the peculiar martensitic areas seen at 850° C. and 950° C, 

remain. Evidently the general quality of this weld is not as good 
or as regular as that of weld B. 100X. 


point, there being others at lower temperatures. It is also called 
the Ar, point, which defines it exactly. 

Theoretically it should be possible, by quenching rapidly enough, 
to prevent the transformation from austenite to martensite and 
thus retain the austenitic structure at room temperature. Practi- 
cally this is not possible because of the comparative slowness of the 
cooling and the great rapidity of the transformation. However, 
by using steel containing at least 1.5 per cent carbon, and by 
quenching it-from a very high temperature in ice water, some of 
the austenite is retained, the rest of it having been transformed 
into martensite. Ordinarily, tool steels do not contain so much 
carbon and are not quenched so drastically. Therefore, the trans- 
formation from austenite is complete, and ordinary tool steel, 
quenched in the usual way, consists of martensite. Martensite is. 
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very hard and brittle, and therefore quenched steel has the same 
properties. As we all know, these properties can be modified by 
tempering, or “drawing the temper,” as it is frequently called. 
This operation causes the martensite to change through the other 
structures to that of annealed steel as the temperature is raised, 
with an increase in the softness and toughness proportionate to 
the increase in temperature. 


Fig. 7. Weld A. Quenched at 1050° C. Area referred to in descrip- 
tion of Fig. 6. 430X. 


Now, if we can imagine that the world in which we live were con- 
tinually at a temperature of about 2000 deg. F., ordinary carbon 
steel would be always in the austenitic condition and we would only 
be able to obtain the other structures, of which we have spoken, 
by artificially cooling them below atmospheric temperature. Look- 
ing at it another way, if we can add some element to steel which 
will lower its transformation point below room temperature, we 
can then maintain steel in the austenitic condition at that tempera- 
ture. There are two elements that will do this, manganese and 
nickel. 
Manganese steel was invented by Hadfield, who found that the 
most suitable composition was about 12 per cent of manganese 
and from 1 to 114 per cent of carbon, the other elements being as 
in ordinary carbon steel, but in order to retain steel of this com- 
position in the austenitic condition it must be quenched from a high 
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temperature. In the cast condition it is brittle and does not have 
the properties which it has in the quenched condition. 

Properly treated, manganese steel is very ductile, can be forged 
and bent readily, but cannot be machined in any way except by 
grinding. It has the remarkable property of being exceedingly 
resistent to wear, the reason for which will be explained later. 


Fig. 8. Weld B as welded with excess acetylene flame. View on 

line of weld, which is dark, and consists largely of martensite, as 

shown by the zigzag lines in the grains, a few of which appear in 

the grains of the base metal at the left. There is also some free 

carbide at grain boundaries in both weld and base metal. In parts 

of the weld the grains are columnar and one may cover the entire 
field. 100X 


The microstructure of manganese steel is shown in Fig. 8, and it 
should be noted that it consists of only one constituent, that is, the 
grains are all similar in appearance. In this respect, it is quite 
similar to ordinary pure iron, which is shown in Fig. 1, the main 
difference in the appearances being the angularity in the grains 
in the manganese steel and the absence of this in the grains of 
iron. 

The softness, and at the same time the high wearing qualities 
of manganese steel, make a remarkable combination, and the ex- 
planation is interesting. It is easy to see that austenite must be a 
rather unstable constituent, as it must be held in its place, so to 
speak, by severe quenching, and it would seem clear that any dis- 
turbance of the condition would result in the natural transforma- 
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tion to martensite taking place, for instance, by slight heating or 
by hammering. It has been found that even such slight heating 
as is caused by using a hack saw, will change a very thin film of the 
austenite to martensite, which is exceedingly hard. Therefore, 
what happens in practice is that when the jaw of a rock crusher is 
abraded or hammered during service a film of martensite is formed 


Fig. 9. Weld B. View of base metal away from weld. This appear- 
ance is the same in all the base metal, varying only in degree, the 
less the further from the weld. This condition is produced by 
welding heat, and shows that some of the austenite has been 
changed to martensite, the dark areas, in the center of which, at 
the grain boundaries, are thin films of carbide. The heat treating 
temperature has not been high enough to get the carbide back in 
solution. 100X. 


at the outside of the manganese steel and this being hard resists 
wear. Even when it is ground away, another film forms, so that 
this film of hard martensite is what actually resists wear and not 
the austenite itself. This is illustrated in Fig. 14, which shows one 
edge of a saw cut made in a piece of manganese steel. It will be 
seen that there has been a trifling formation of martensite. While 
this martensite is not of exactly the same appearance as ordinary 
martensite, yet Howe has shown that this is what it must be.* 
The same general appearance is presented by a piece that has been 
deformed sufficiently. 

The present tests were made on material about 1 in. thick and 
4 in. wide, in the form of castings furnished through the kindness 


*The Metallography of Steel and Cast Iron, chapter 26, page 460. 
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of the Taylor Wharton Iron & Steel Company, and the tests will 
be considered under the following subjects: 

1. Technique of Welding. 

2. Chemical Analysis. 

3. Heat Treatment and Microstructure. 


Fig. 10. Weld B. Quenched at 850° C. View on line of weld. 

Base metal above. This temperature too low to bring about 

complete solution of-carbides, though some of the grains have 

become partly austenitic. Base metal dirty and has numerous 
intergranular cracks. 100X. 


1. Technique of Welding: 


The first weld was made in a piece 1 in. x 3 in., beveled to an in- 
cluded angle of the single V of 90 deg. The bevel was made by 
an oxyacetylene cutting torch and the piece was pickled in aqua 
regia to remove the cutting scale. The weld was made with a 
torch that consumes about 35 ft. of acetylene per hour, using a 
neutral flame. Under these conditions the welding was very diffi- 
cult, because of the formation on the surface of large flakes of oxide, 
which could not be easily floated to the surface and therefore were 
mixed in with the weld metal. These particles were probably man- 
ganese oxide. This weld was so unsatisfactory in regard to time, 
consumption, difficulty of welding and poor results that it was dis- 
carded, no examination being made of it. The pieces were again 
beveled and this time welded with the same torch, using a neutral 
flame and an improvised flux. The performance was much superior 
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in every respect, but there was evidently not sufficient heat to keep 
the metal thoroughly melted. 

The next piece welded was 1 in. x 4 in. and a torch using 50 cu. 
ft. of acetylene per hour was employed. At the beginning of the 
weld, an excess acetylene flame having a length of about three 
times that of the neutral flame was used, and the excess of acetylene 


Fig. 11. Weld B. Quenched at 950° C. View in weld. Austenite 

predominant, but some martensite, the small angular lines indi- 

cating imperfect solution of carbides. Grains columnar and large 

with a few cracks along grain boundaries. Cracks near line of weld 
in base metal. 100X. 


was gradually decreased until, at the end of the weld, the flame 
was neutral. In this case the same flux was used as before. The 
performance was better in every way than in the second weld, 
there being two differences—one a greater amount of heat and the 
other an excess acetylene flame. The change in the amount of 
acetylene seemed to make very little difference in the welding, so 
that the most of the advantage was from the larger amount of 
heat. 


Chemical Analysis: 


As in all other steel welding, the tendency is for the carbon to be 
burnt out during the operation, and therefore a small excess of 
acetylene is probably not injurious. The difficulty is that if too 
much be used, the melted metal will absorb carbon and thus become 
brittle. In order to check this action and also the loss of man- 
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ganese due to the same cause, two buttons about %% in. thick and 
114 in. in diameter, were made from the same welding rod. One 
button was made by the use of flux with a neutral flame. In the 
other one no flux was used, but a slightly excess acetylene flame 


Fig. 12. Weld B. Quenched at 1050° C. View in weld. No trace 
of martensite, all the weld and base metal being austenite. Weld 
metal much cleaner than base metal. Grains in the weld have been 
coarsened by the heat treatment. There were a number of cracks 
parallel with and close to weld in base metal. 100X. 


was employed. The analyses of the rod and buttons were as fol- 


lows: 
Neutral Flame Excess Acetylene 
Rod Flux used No flux used 
Carbom ........ 1.04% 1.22% 
Manganese .... 12.23 11.28 12.23 
The welds themselves were also analyzed, with the following re- 
sults: 
35 ft. acetylene 50 ft. acetylene 
per hour per hour 
Flux used No flux used 
Neutral Flame Excess Acetylene Flame 
eee 1.12% 1.21% 
Manganese ..... 10.87 11.61 
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It will be seen that there is some variation in the analyses of the 
buttons and of the welds. This is, however, no more than should 
be expected, because on account of the welding conditions it is im- 
possible to keep conditions constant. These variations, however, 
are not sufficient to affect seriously the quality of the weld, par- 
ticularly when the difficulty in sampling manganese steel for analy- 
sis is considered. The average quantities of the elements in the 
four welds were: 


1.15% 
Manganese ..... 11.50 
......... O.076 


This certainly does not show any serious variation from the rod, 
and there is no reason to doubt that equally good results, or even 
better, can be obtained after experience. 


Heat Treatment and Microsctructure: 


The welds were cut into pieces about *, in. x 1 in. in cross sec- 
tion and 2 in. long, so as to include over half of the weld and enough 
of the base metal to note any changes in the structure due to the 
welding. The pieces from the first weld were marked “A” and those 
from the second weld “B.” There were four pieces from the first 
weld and five from the second, which were treated, as shown in 
Table I: 

Table I 
First Weld A 
Al—untreated. 
A3—at 950 deg. C., held 30 minutes. 
A4—at 950 deg. C., raised to 1050 deg. in 20 minutes. 
A5—at 1050 deg. C., raised to 1150 deg. in 40 minutes. 
Second Weld B 


B1l—untreated. 

B2—at 850. deg. C., held 30 minutes. 
B3—same as A3. 

B4—same as A4. 

B5—Same as 


There being only four pieces from weld A, there was no treat- 
ment given at 850 deg. C., as it was considered that at this low 
temperature no structural change would result. All of the pieces 
were quenched in water at room temperature, about 16 deg. C. 

Macrophotographs of the untreated pieces and of those treated 
at the highest temperature, 1150 deg. C., are shown at a magnifica- 
tion of one and one-half times. From thesé can be seen, in the 
case of the first weld, wide variation due to the welding conditions, 
as evidenced by the layers of different carbon content and struc- 
ture. In the second weld these are practically absent. Even the 
soaking for 40 min. at the high temperature has not removed these 
layers entirely from the first, while in the second, the appearance 
of the weld and that of the base metal is practically the same. In 
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both welds there was a gradual change in the appearance, due to 
the heat treatment, but not until the highest temperature was 
reached was there a complete obliteration of the original weld 
structure. It was not thought necessary to use many different tem- 
peratures and times of heat treatment, because in practice, the 
size of the piece has much to do with the rapidity with which the 
austenite solid solution is formed and in practical work this would 
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Fig. 13. Weld B. Quenched at 1150° C. View in weld. Structure 
all austenitic and large grained. Practically no difference between 
this and Fig. 1. 100X. 


have to be determined to suit the conditions. It is evident, how- 
ever, that the highest temperature used is abovt right. 

The microphotographs* show some interesting things. In the un- 
treated piece from the first weld there are a number of greyish 
spots, which under the microscope have the appearance of Fig. 7. 
Evidently the carbon content, or the heat treatment, or both, of 
these spots is different from the rest of the structure. Indeed it 
is possible that although extreme care was used in cutting the sec- 
tions out, there may have been some change due to the heat from 
the emery wheel with which the work was done. It is doubtful, 
however, that this is the case, because none of these spots was found 


*The section of weld A quenched at 1150° C. was austenitic except at the top, where 
some martensite was noticed. 

Weld A as welded shows at 100X numerous laps and cracks in the weld Structure 
generally similar to other as welded pieces, but a few areas of fine martensite 

Weld A quenched at 950° C. shows at 100X mostly large austenite grains with areas 
of martensite. No change of structure at this temperature. 
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in the second weld, which was treated in the same way. In this 
weld there were numerous inclusions which, of course, occupied 
the grain boundaries. While it is not possible to say positively 
what they are, it is believed that they are oxides. It is hardly pos- 
sible that any other kind of dirt could exist to any such extent. 

It should be also mentioned that some parts of the base metal 


Fig. 14. Effect of hack saw cut on manganese steel. The austenite 

has been changed by the cold work to martensite along a very 

narrow zone. The many fine lines at the left of the edge indicate 

martensite. This has nothing to do with the welding of manganese 

steel, but explains the action of manganese steel under wear. 430X. 
in both welds were shattered by numerous minute cracks and that 
weld A was no worse than the worst spots in the base metal, while 
weld B was much better, being practically as good as the best of 
the base metal, and much better than the average. It should also 
be said that the union between the weld metal and the base meta! 
was excellent, although in a few places, especially in weld A, there 
were some cracks close to the weld metal and parallel with it. It 
is not possible to give the exact cause of these cracks. They may 
be due to shrinkage stresses. They may also be due to included dirt. 
Complete notes are given with each microphotograph and a study 
of them seems to indicate that manganese steel can be successfully 
welded if proper precautions are taken. The principal difficulty 
will doubtless be cracks due either to included dirt or shrinkage 
stresses. The former can be overcome by careful welding and will 
tend to minimize the latter. If the base metal be unsound, it is 
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probable that the cracks will occur in it, and under such circum- 
stances welding cannot be blamed. In any case better results will 
be obtained by preheating the base metal and this will be necessary 
with complicated castings or those of any great size. As a matter 
of principle, such castings should be preheated, welded and placed 
in the heat-treating furnace without being allowed to cool, and it 
should not be expected that welding without heat treating will pro- 
duce satisfactory results. It is evident from a study of the micro- 
photographs that any ordinary heat treatment, such as throwing 
water on a weld, will have practically no effect, because unless the 
piece be heated for a considerable time to a very high temperature, 
the austenitic solid solution cannot be formed, and unless it be 
formed and quenched drastically cold austenite will not result. 

It also seems to be entirely possible to protect the melted metal 
from oxidation by suitable means so that the loss of the elements 
will not be so great as to prevent the production of satisfactory 
manganese steel in the weld. 

Conclusions: 


1. An oxyacetylene weld can be produced in manganese steel 
that is the equal in quality of the base metal. 

2. The use of a flame having a slight excess of acetylene is not in- 
jurious and is probably of some assistance in making a sound weld. 

3. It is essential that a powerful flame be used and that a large 
pool of melted metal be maintained. 

4. The welding rod must not be rubbed in the weld, but must be 
left in the melted pool and the flame so applied as to melt the rod 
under the surface of the liquid metal. When the level of the pool 
is high enough it can be melted into the base metal by applying the 
heat around the edges till the weld and base metals flow together 
of their own accord. 

5. Knowing that manganese steel is brittle when red hot, it is 
necessary to block up heavy pieces so they cannot be strained dur- 
ing welding or preheating. 

6. No details of preheating practice being developed in the work 
so far, it can only be said that probably at least as much care is 
necessary as when welding cast iron, both in preheating, reheat- 
ing and cooling. 

7. It is shown that the same heat treatment is necessary for the 
weld as for the base metal, if the same structure is expected in 
both cases. 

8. The tests show that for the conditions governing, a tempera- 
ture of about 1050 deg. C. for about 30 min. was needed to produce 
austenite when water at 16 deg. C. is used for quenching. 

9. It seems fair to conclude that throwing water on a weld will 
not produce the desired austenitic structure. 

10. The use of a suitable flux will probably assist in making a 
sound weld, but the tests do not go far enough to determine the 
limits of efficiency in this direction. 
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Manufacturing All-Steel Automobile Bodies* 


By J. W. MEADOWCROFT? 


Our concern manufactures automobile bodies of all steel con- 
struction. This body is practically a one-piece body because of 
the large amount of welding used. The size and construction of 
the various bodies produced for the many automobile companies 
plays a very important part in the amount of welding used, but 
the average amount on each body is as follows: 


1000 to 1100 spot welds 
70 in. to 80 in. of gas welding, and 
10 in. to 12 in. of metallic are welding. 


By using these three methods of welding in accordance with the 
construction of the bodies, long life is added to each body, and 
vibration, squeaks and rattles are eliminated. 

Special electric welding machines are designed and constructed 
under certain standards (governed by the method of welding used), 
so that all bodies are held to correct dimensions while being spot 
welded. In assembling and welding our all steel bodies in these 
specially built electric welding machines, considerable time is 
saved in handling and welding the parts, as they are so assembled 
that enough welds are placed in same in a short period of time to 
provide the strength required. This allows us to produce large 
quantities of bodies on a small number of machines. Regardless 
of the method of welding used in connection with the assembly in 
these machines, the highest efficiency is procured, as no time is 
lost, because each operator does his particular part, finishing with 
his helper or helpers at a specified time period. Another feature 
of economy in production from these specially built welding ma- 
chines is that the welding operators get the highest efficiency in 
assembling and welding the various parts of the bodies, due to the 
fact that the stampings or parts are interchangeable. Many weld- 
ing operations are done on conveyors, regardless of the method, 
and although to the average engineer this seems impossible, it is 
done without any loss in the efficiency of the operation. Many 
other operations are done on the conveyors, but there is no inter- 
ference with the various welding operations. 

The acetylene gas welding operators are assigned to weld various 
sections of the body, and in each case the operator is a specialist 
on welding his particular part. This allows a higher standard 
to be maintained in the acetylene welding method and uniform 
welds are made on the various sections. Many parts of the interior 
of the body are also acetylene welded, thereby adding considerable 
strength to it. 


Metallic arc welding is also used on the interior of the bodies 


*Presented at the Annual Meeting American Welding Society, April, 1924. 
TSupervisor of Welding, E. G. Budd Mfg. Co. 
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where no finish is required, and many parts are arc tacked together 
without the aid of clamps, jigs, etc., and the pieces are still kept in 
alignment. This method is also used on sections of the doors 
where a quick weld must be made to prevent warping or buckling 
of the various sheets of light-gage metal, thus eliminating a con- 
siderable amount of finishing. 

In the design of the bodies the utmost care and thought is taken 
to lay out the various sections and to arrange the stampings that 
are welded, in order to facilitate their ready assembly in the 
specially designed jigs and fixtures. The assembled bodies are 
light in weight, strong, free from defective joints, and present an 
exterior surface which is free from pits, blow holes or indentations. 
Any one of these imperfections in the metal would act as a reser- 
voir for japan, which, when applied and heated to 450 deg. F. in 
baking ovens, would produce a blow or blister. The surface is 
therefore kept free from any depressions or cavities in which more 
than the standard thickness of enamel can flow. 

Many of the stampings have different shapes, making it neces- 
sary to weld additional pieces to same, and all parts are clamped 
together in such a manner as to assure good contact in making 
welds. This is very essential in spot welding, as it is necessary 
to spot weld the various sections of the bodies together so that all 
indentations in the metal are eliminated. On some of the interior 
parts, which are not exposed, the indentations receive no considera- 
tion, as no finishing is done on these parts, but in all cases where 
welding is used, whether it be interior or exterior, whether parts 
are perfectly flat or shaped, it is absolutely essential to make the 
proper allowance for contraction at point of weld, so that the 
bodies are produced in their proper shape and held to their proper 
dimensions. By making the proper allowance for contraction, the 
bodies are held uniform. This makes it possible for fenders, and 
other accessories made correct to shape, to be interchangeable. 

In the process of manufacture of bodies at our plant, more light 
sheet steel is used and more welding is done than in the manufac- 
ture of any other commodity made from sheet metal. All methods 
of welding, thermit excepted, are used, and no matter what method 
is applied it is applied from an economical as well as a productive 
standpoint. One day’s production in our press shop amounts to 
600,000 strokes, and more difficult steel stampings are made here 
than in any one plant in the country. The steel consumed in one 
day’s production amounts to approximately 1,000,000 lb. In our 
daily production, 18,000,000 spot welds are made on 360 standard 
electric spot welding machines and 150 special machines. The 
daily shipment of “Budd All Steel Bodies” amounts to 80 carloads, 
containing approximately 2200 complete bodies assembled and 1750 
complete bodies unassembled. 

The application of the various methods of welding would be 
of very little value from an economical standpoint if they required 
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more finishing. In speaking of finish, we come to one of the most 
vital items, as only three coats of paint are applied to bodies, mak- 
ing it necessary for the finishing to be of high class order, as 
imperfections of any kind would magnify many times after the 
final coat of enamel is baked on at 450 deg. F. All steel bodies are 
painted in a time period of approximately one day, whereas com- 
posite bodies are painted in a time period of from 14 to 21 days and 
are given nine to fourteen coats of paint. A cheaper grade of 
metal can be used on composite bodies, due to the many coats of 
paint and filler which is used; but the lasting quality of the paint 
on all steel bodies is far superior to that of composite jobs. The 
reason for this is that composite bodies are made from wood and 
steel, which, of course, cannot have paint baked on at such a high 
degree of heat. 

Another very important feature in favor of an all-steel body is 
its tremendous safety value. Although all the automobile manu- 
facturers are not using All Steel, it is only a matter of time when 
all bodies will be of all-steel welded construction, as bodies of this 
nature will dent or bend in collision, causing less serious results 
to both the occupants and the car. The car can be restraightened 
and used again, causing practically little or no loss to the owner. 
When a composite body is in a collision, it telescopes, causing 
serious injury to the occupant, and practically a total loss to the 
owner of the car, as no material can be saved. 


Hints for Welding an Aluminum Casting 
By E. E. THUM 


A paper recently appearing in the columns of the trade press 
described in general terms welding of aluminum with the oxy- 
acetylene flame. Since aluminum welding is to most operators a 
rather “tricky” job, even though done with the oxy-acetylene flame, 
it is perhaps in order to give a few details of the actual practice. 

It would be impossible in brief compass to give all the informa- 
tion for welding any kind of aluminum sheet or aluminum casting, 
because there are several alloys marketed extensively at the present 
time, each one of which the expert welder knows will require cer- 
tain small changes in his practice to give him the best job. 

Merely to enumerate them, we have, first, sheet aluminum, 
ordinarily used in kitchen utensils, tanks, automobile bodies, and 
containers for chemical] and food industries. It is high grade, com- 
mercially pure aluminum, hot rolled to the required thickness. 

Second, a family of aluminum alloys containing small amounts 
of copper or nickel and magnesium have been marketed under the 
trade names of “Duralumin,” “17S” and “Y-Alloy.” These become 
much harder than pure aluminum and very strong. After being 
rolled into strips or sections and given correct heat treatment and 
ageing, they are formed into structural sections and used to a 
considerable extent in aircraft and dirigibles. 
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Most aluminum castings on the market, however, are made of 
an alloy called “No. 12 Alloy,” consisting substantially of 92 per 
cent commercial ingot aluminum and 8 per cent copper. During 
the last few years, however, a new series of casting alloys have 
come rapidly to the front. These alloys are of commercial alumi- 
num ingot with 8 to 15 metallic silicon, melted with a special flux 


to enhance their physical properties. Such alloys are variously 
named, such as “Alpax,” “Silumin” and “Modified Castings.” 

Yet another class of castings is known as aluminum bronze. 
These are really brasses (that is to say, alloys of copper and zinc), 
to which a little aluminum has been added to remove oxides and 
improve the physical characteristics. “Aluminum bronze” is per- 
haps a misnomer—as, in the first place, they are not true bronzes, 
and in the second place they contain but very little aluminum. 
Aluminum bronze is rather difficult to cast. 

It must be seen that extended space would be needed to discuss 
in detail the proper practice in making welded joints in these varied 
alloys. Furthermore, the probability that some of them would 
ever reach the repair shop is rather remote—some of them (such 
as “Y-alloy’’) are very specialized products and their preparation 
is in the hands of specialized workmen. Consequently the follow- 
ing remarks will refer almost exclusively to the casting alloy con- 
taining about 8 per cent copper, known as No. 12 alloy, and from 
which are made most of the aluminum castings which would be 
likely to find their way in the repair shop today. 

When a broken aluminum casting is to be welded, the first thing 
to do is to clean it carefully, removing every trace of oil, grease 
and dirt. It is not necessary to tool the crack or cut out a vee. If 
a piece is broken out it should be held in correct position by light 
iron bars and appropriate clamps. These clamps should not be 
drawn up tight—just snug. Braces and clamps should be attached 
so as to avoid straining any portions of the casting—especially the 
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thin walls—when hot metal is very weak and will crumple under 
slight strains. Then place the casting in such position that the 
crack to be welded is on a horizontal surface, and build a furnace 
about the casting, using firebrick laid snugly without mortar. A 
very moderate amount of charcoal should be placed around the 
lower corners of the furnace and set on fire, covering the furnace 
top at the same time with a sheet of asbestos paper. 


Fig. 2. Casting Lined Up for Welding 


It is extremely important that the fire be kept under close control 
and that the casting be heated very slowly and only to a medium 
temperature. When spit balls up and dances on the hot metal, the 
heat is right for welding. Another good way to test for correct 
temperature is to see if it will melt soft solder, or char sawdust. 
Aluminum in this condition is extremely tender and, therefore, 
must be handled with greatest care. 

As soon as the casting is properly preheated, light the blowpipe, 
and starting at the middle of the break, heat the metal for a dis- 
tance of about 2 in. Use a flame containing a small excess of 
acetylene. Hold the tip of the blowpipe at least 2 in. from the 
casting at all times and move it freely so that no spot becomes very 
hot. The metal will melt before you know it! 

In a few seconds the metal will become soft enough so that a vee 
reaching to the bottom of the crack can be scraped out with a little 
chisel or paddle made from an iron welding rod. When about 2 
in. of the crack has been prepared in this manner, add aluminum 
welding rod to the space by holding the rod in the flame near the 
metal. Contrary to. welding practice on steel or cast iron, alumi- 
num must be flowed into the weld by the flame, because the heat in 
the puddled metal will not melt aluminum. When a few drops are 
melted off the welding rod, work it around and into place with a 
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rubbing motion of the rod. Be sure to get this new liquid metal to 
the bottom of the vee, all the time playing the torch about freely, 
but always with the tip at least 2 in. from the metal. 

Then, when this portion of the prepared vee has been filled with 
the welding rod, continue playing the flame over it, keeping it in 
a “mushy” condition (very much like the lead in the wiped joint 


Fig. 3. The Weld Completed 


made by plumbers), and smooth it down with a small paddle made 
of heavy iron wire. 

This series of operations should then be repeated, being careful 
to vee the notch back into the welded portion each time. Continue 
by 2-in. steps until the weld is finished, moving the castings very 
carefully from time to time when necessary to keep the weld hori- 
zontal. Do not remove clamps or braces unless it is absolutely 
necessary, and then only with extreme caution, else you will have 
a new break to repair. 

When the weld is finished, anneal the.casting by adding four or 
five handfuls of charcoal, being sure to cover the furnace top with 
asbestos paper. Let the fire burn out slowly and cool the casting 
in the furnace. When removed it may be touched up with a file 
if it is important to have a smooth surface. 

In following such general directions the welder will, of course, 
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discover in individual cases many points where special caution is 
necessary. Therefore, it is a first principle before an important 
job is undertaken to get a broken aluminum casting, such as a 
crankease, from a junk dealer and make several experimental 
welds on it. After making a weld of this sort, take a hack saw and 
cut a strip out of the case so the welded seam crosses the center. 
Grip one end of this test piece on a vise and bend it back and 
forth until the piece breaks. Throw the maximum bend in the 
weld so that when it breaks open you can discover for yourself 
whether the welded metal is sound, whether penetration reached to 
the bottom of the break, and whether the added metal is closely 
knit into the original plate. 

Such test pieces are extremely valuable in giving the welder 
information upon the quality of the work he is doing, and should 
be made periodically on all classes of welding, be the metal steel, 
cast iron or aluminum. 


Compressed-Dissolved Acetylene* 


By M. A. DANTZLER} 


Compressed-dissolved acetylene is acetylene gas which has been 
compressed and dissolved into specially designed portable cylin- 
ders, which may be “tapped” at the convenience of the consumer 
at varying distances from the source of manufacture. 

Most everyone is familiar with calcium carbide, or “Carbide” 
as it is more generally called, which is the source or mother of 
acetylene supply ; however, even recently I came across several men 
in different sections of this country who wanted to know where 
carbide was “mined.” Calcium carbide is a product of the modern 
electric furnace, wherein coke and limestone are properly fused, 
and this changed material is known as calcium carbide. 

Acetylene, before being compressed and dissolved, is manufac- 
tured in the usual manner by dissolving calcium carbide in water, 
with the exception that it is generated in larger quantities than 
is the case where used for general welding, direct from generators. 
The gas is given off due to the chemical reaction of water combin- 
ing with calcium carbide; lime oxide being the residue. 

After generation, the acetylene gas is stored in a gas holder, 
built for this purpose, usually of several thousand cubic feet capa- 
city. Before it is compressed and while under low pressure, it is 
conducted from this storage supply in pipes to the purifying room 
and thence to the compressor. The chief impurities in acetylene 
are sulphur, phosphorous, and ammonia compounds. 

These impurities exist in relatively small proportions, but they 
must be “fixed” or held in the purifying material, allowing only 


*Paper read before the Chicago Section, A. W. S., April 4, 1924. 
+Gas Tank Recharging Co., Milwaukee, Wis. 
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pure acetylene to pass through the compressor, and on into the 
cylinders or drums. 

It is not customary among manufacturers of acetylene generators 
in America to equip their acetylene generators with chemical puri- 
fiers; however, most of the foreign manufacturers do. Dissolved 
acetylene is the purest acetylene possible to use, as when properly 
purified and dried it will analyze 99.64 per cent C, H,. A large 
number of cylinders are attached to the recharging manifold; as 
an example a compressor which will deliver approximately 3000 
cu. ft. per hour, running at slow speed, say 50 r.p.m., would dis- 
charge this gas into from 50 to 100 acetylene cylinders connected 
on the manifold. The larger number is preferable. 

When the gas leaves the compressor it is under pressure and is 
pumped through double extra heavy wrought iron pipe to the 
manifolds, where are connected the empty acetylene cylinders 
ready to receive the gas. In the high pressure pipe line must be 
located proper oil traps or separators to remove the oil and any 
moisture after the gas has left the compressor. Compressors which 
force the gas into the cylinders are operated at a relatively slow 
rate of speed so as to keep the gas as cool as is possible. The tem- 
perature should not rise above 120 deg. F., in summer weather, at 
the point of discharge of the compressor. In very warm weather 
it is advisable to “cold-water” spray the cylinders being charged 
on the manifold, and the nearer the temperature can be kept to 40 
deg. F. when charging, the nearer the maximum amount of gas 
can be stored in the cylinders. 

Owing to I. C. C. regulations which do not permit more than 250 
lb. pressure at 70 deg. F. in any acetylene cylinder, regardless of 
cubic foot capacity, the cylinders must receive at least two “shots” 
of gas; for instance, cylinders receiving the first “shot” in the 
morning, should be allowed to remain on the racks until the fol- 
lowing morning, when they will receive the second or last “shot.” 

This process of filling cylinders is somewhat different from that 
of filling oxygen and hydrogen cylinders. In the latter case the 
cylinders may be filled very rapidly and only a few at a time; 
whereas a large number of acetylene cylinders must be on hand 
before they can be refilled, and a much longer time is required in 
pumping the gas. 

After the cylinders have received the second “shot” of acetylene, 
which brings them up to the maximum amount of pressure per- 
mitted at 70 deg. F., they are removed from the charging manifolds 
and the cylinder weighed to determine the number of cubic feet of 
gas contained therein. In America and Canada, acetylene gas is 
computed at the rate of 141% cu. ft. per lb. of acetylene. Of course, 
the cylinders are weighed before they are placed on the manifolds 
to be refilled, and this information is recorded on the cylinder tag 
which is attached to each cylinder, a duplicate part of which is 
later detached and retained by the manufacturer. 
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Acetylene cylinders, while they do not have to withstand the 
pressure that oxygen and hydrogen cylinders do, are nevertheless 
expensive containers for the amount of salable material they con- 
tain. The larger size cylinders, which are approximately 12 in. 
by 36 in., retail for $70 each, but, of course, the manufacturers 
who buy them in large quantities are able to receive the benefit 
of a somewhat cheaper cost price; however, the fact remains that 
acetylene cylinders are very expensive containers; few, if any, 
other widely used commercial commodities require so expensive 
a container. 

The seamless drawn steel shell of acetylene cylinders is not the 
most expensive part; the porous filler and solvent (C. P. acetone) 
contained in the cylinder are more costly. The maintenance of 
acetylene cylinders is considerably greater than that of oxygen 
cylinders, as some of the acetone solvent is drawn off with the dis- 
charge of gas every time the cylinder is used; particularly is this 
true when large welding tips are being used, and the acetone must 
be replenished when the cylinders are returned and before they are 
put on the manifold for refilling. The acetone content of acetylene 
cylinders is equal to 40 per cent of the porosity of the filling mate- 
rial. Acetone, during the past year has been as high as 28 cents per 
pound in earload lots, so you can readily see that it is not an 
inexpensive item. Of course, upkeep of acetylene cylinders such as 
valve repairs and painting of cylinders, are about the same for 
acetylene as for oxygen. 

The oxygen manufacturers have one advantage over the acetylene 
manufacturers in that there is no characteristic odor connected 
with the escape of oxygen or hydrogen through a leaky valve. If 
there is a slight leak in the acetylene valve, or in the operator’s con- 
nections, it is very noticeable by its odor, and it is really surprising 
how a small amount of acetylene will cause the purchaser to believe 
he is losing all of his gas. 

From the foregoing cost of the cylinders, you will readily appre- 
ciate that the acetylene manufacturer carries a considerable por- 
tion of his invested capital in these portable containers, but if you 
happened to drop in at his plant you would wonder where all the 
thousands of cylinders were, as only a few hundred are to be seen 
in the plant at any time. 

In the State of Wisconsin, the Wisconsin Industrial Commission 
have issued a set of rules and instructions governing the com- 
pressing of acetylene. These rules are very stringent and not only 
do they pertain to the buildings and their locations, but even to the 
machinery. They specifically state the distance that a charging 
building may be located from other adjoining property, which 
practically results in acetylene compressing plants being located 
outside of city limits. 

I think that some of the operations in compressed acetylene 
plants, which I have not referred to, would be of more interest 
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than those which I have mentioned, but unfortunately I am not at 
liberty to go into these details. 

In conclusion I wish to say that those of you who are contem- 
plating going into the compressed acetylene business should realize 
that considerable capital is necessarily involved to enable one to 
get properly started and meet the prevailing competition; also 
please remember that the dissolved acetylene business is confined 
to a comparatively small area of operation adjacent the plant 
location. 

Freight rates on the heavy containers prohibit long shipments of 
acetylene gas, and prompt delivery service is what is required by 
acetylene users. However, the use of dissolved acetylene is still 
on the increase. Approximately 350,000,000 cu. ft. of compressed 
acetylene was used during 1923. This was a substantial increase 


over 1922, and the indications are for a greater increase dur- 
ing 1924. 


Fluxes and Slags in Oxy-Acetylene Welding” 
By C. COULSON-SMITH, M.Sc. 


The actions which take place in the oxy-acetylene flame are as 
follows: 

Two molecules of acetylene require for complete combustion five 
molecules of oxygen and this reaction takes place in two stages: 

(1) One molecule of acetylene unites with one molecule of 
oxygen, forming one molecule of hydrogen and two molecules of 
carbon monoxide. 

(2) This carbon monoxide on combustion yields carbon dioxide, 
and the hydrogen on combustion yields water vapor. 


The Welding of Mild Steel 


Here we should be dealing with a material which has a melting- 
point of approximately 1500 deg. C., and being free from sulphur 
and phosphorus, there only remains the avoidance of oxidation of 
the iron itself, which can be brought about by 

(1) Excess oxygen in the flame itself, 

(2) Atmospheric oxygen, 
and (3) The water vapor obtained from the products of combustion 

of the acetylene, 
the latter taking place mainly in the outer envelope of the flame 
is almost a negligible cause. 

With a perfectly regulated blowpipe, the oxide formation in mild 
steel welding is very slight, and in consequence fluxes are not gen- 
erally used, although they are marketed. The point as to whether 
molten iron actually is or is not capable of dissolving up to 1 per 


*A contribution to a general discussion on “Fluxes and Slags in Metal Melting and 
Working” held by the Faraday Society and the Institute of Metals with the cooperation 


-. e British Non-Ferrous Metals Research Association and the Institute of British 


drymen, on Monday, April 28, 1924. 
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cent of the oxide is a matter of considerable variance of opinion, 
yet results obfained in welding a good quality of mild steel with- 
out the use of a flux show on examination of the weld very small 
oxide inclusions, and mechanically the welds are not found to 
be weakened to any appreciable extent, as the oxide formed is less 
dense than the metal and rises to the surface, forming a slag 
which is easily removed. 

The composition of the filling in material must, of course, be as 
near as possible to that of the material to be welded. It must have 
a low carbon content (approximately 0.15 per cent) in order to 
have as little as possible of this element to be oxidized to carbon 
dioxide, and so cause consequent sparking under the heat of the 
flame; and the sulphur and phosphorus content must have a maxi- 
mum of 0.05 per cent, as these not only cause ebullition on welding, 
but remain in the weld, causing brittleness. 


The Welding of Cast Iron 
An average grey iron analysis is as follows: 
92.3 per cent 


Graphite C 
Combined C 


In cast iron, the oxidation of the iron itself and of the other 
constituents, renders the welding difficult, and a process of pud- 
dling the molten metal is generally resorted to. The point of inter- 
est to us, however, is that oxidation occurs, a slag having a higher 
melting-point than that of the metal itself is formed, and, being 
more dense, sinks through the molten metal.and may be incor- 
porated in the weld if not removed by some chemical means such 
as the flux provides. The actual influence which the oxide exerts 
is to increase the surface tension. The surface tension of the 
metal is low, and the object of using the flux is to overcome the 
excess set up by the oxide formation, so as to bring the oxide to the 
surface. The constituents of the flux either dissolve this substance 
or float it off along the line of weld. All care should be taken to 
avoid excessive oxidation, but no matter how great the precaution 
taken it cannot be totally avoided. In foundry practice, limestone 
is used, the object of this in the blast furnace production of iron 
being to obtain a less siliceous slag, low in iron content and more 
fusible. The limestone adds lime to the free silica and ferrous 
silicate constituents, thereby increasing the fluidity and lowering 
the temperature of slag fusion. If too much limestone is added 
the slag becomes refractory and the metal loses silicon, iron, and 
manganese, and a white iron is formed. Now similar results are 
obtained in welding, provided an efficient flux is not used. The 
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fluxes used are many, but it must be remembered that the melting- 
point of all fluxes must be lower than the melting point of the metal 
to be welded. The most general constituents of the fluxes for cast 
iron are mixtures of sodium borate, sodium carbonate, sodium 
bicarbonate and silica; as reducing agents one sometimes finds in- 
corporated a trace of aluminum. The reactions which take place 
are, I think, as follows: 

The silica reacts with the sodium carbonate, forming sodium 
silicate. This in turn reacts with the sodium borate, forming a 
borosilicate and free borax which, being a solvent for oxide iron, 
forms ferrous silicate. When this molten ferrous silicate is exposed 
to the air, partial oxidation takes place and crystals of Fe,O, are 
formed, and such a slag in contact with the impure metal gives up 
its excess of oxygen (from the Fe.O,) to the oxidizable elements 
present and again becomes reduced to ferrous oxide. In the weld- 
ing of cast iron, ferro-silicon rods are used as filling material, which 
contain approximately 3 to 3.5 per cent silicon, and this replaces 
or can replace any loss of silicon. Titanium as an ingredient is also 
made use of, especially on account of its combining property with 
nitrogen. 

The Welding of Non-Ferrous Metals 


Copper—This metal is capable of forming two oxides, cuprous 
oxide and cupric oxide, and care must be taken to prevent this 
formation as much as possible. This being very difficult, the use 
of fluxes are resorted to, which will dissolve the oxide formed. 

The fluxes used are generally either sodium borate or a mixture 
of sodium borate (anhydrous) and boric acid, sometimes with the 
addition of sodium chloride to lower the melting point of the flux. 
The following reactions seem to take place: The sodium borate 
and the boric acid at high temperature yield boric anhydride, a 
vitreous mass, soluble in water; forming boric acid. This boric 
anhydride combines with the oxide of copper, forming copper 
borate. The melting point of this borate is fairly high and the 
addition of the sodium chloride has been found to bring the melt- 
ing point lower than that of the copper itself. As a deoxidizer, 
small quantities of phosphorus are sometimes included in the flux; 
when this is done, careful addition should always be made, the 
amount added being arrived at from the knowledge of oxide capable 
of being formed. When so added, phosphorus cannot but exert a 
good effect, and it does so by diffusing throughout the molten metal 
and destroying any dissolved oxide. The slag formed is very fluid 
and rises to the surface of the metal, forming a protective coating. 
Silver has also been used to the extent of 1 per cent. 

Brass—In this alloy we have the following phenomena: (i) 
Oxidation; (ii) volatilization of the zinc; (iii) absorption of gases. 
Oxides of copper may be formed, also loss of zinc by burning to 
the oxide, and also loss of zine due to the reduction of the oxide of 
copper by the zinc itself. As a rule, a flux of similar composition 
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to that of the copper flux is used. The difficulty in reducing the 
loss of zinc due to oxidation is due to the fact that the melting 
point of brass is about 930 deg. -C., while zinc volatilizes at 940 deg. 
C. Traces of aluminum are often introduced into the flux, or 
alloyed with the filling in material. This suffices to serve a two- 
fold effect, namely, to prevent loss of zine by volatilization and 
also by the oxidation of the zinc, and to act as a deoxidizer, and the 
alumina formed protects the metal from further oxidation and 
dissolving of gases. The amount of aluminum to be added is ob- 
tained from the fact that the addition of 1 per cent of aluminum 
is equivalent to 3.5 per cent zinc, or, in other words, aluminum 
greatly raises the zinc equivalent. 

In the melting of gun metal or admiralty bronze, the founder 
often uses sand as a flux, but obviously this will not prevent oxida- 
tion and may even increase the melting loss by fusing with the 
oxides of copper and zinc to form infusible slags. Borax is also 
used; this forms a protective coating and actually assists in fluxing 
off dross which would otherwise collect as an infusible mass on the 
surface of the metal or enter into the metal itself. Powdered 
charcoal is good and helps to preserve a reducing atmosphere, and 
assists in reducing to the metallic condition small proportions of 
copper and zinc oxide which may have been formed. Sodium 
chloride is also used, but with zinc it gives a volatile chloride which 
is both dangerous and a further source of loss. In acetylene weld- 
ing similar conditions are met with, and in choosing a flux the one 
most capable of overcoming these disadvantages is to be preferred; 
that is, one containing a mixture of boric acid, sodium borate and 
sodium chloride. 

Bronze—The essential constituents of this alloy are copper and 
tin, and it may contain zinc, lead, manganese, iron, silicon, and 
phosphorus, as impurities. In welding this material, both ebulli- 
tion and oxidation occur. In the bronze, the tin in the alloy acts 
as a deoxidizer and is eliminated as a slag. Examination of welds 
show that no trace of oxidation is shown when a flux capable of 
dissolving and eliminating the stannic oxide is used. The welding 
rod used should always contain phosphorus to prevent loss of tin 
by volatilization; fluxes or filling wire with aluminum is also bene- 
ficial. The components of a bronze flux are, as a rule, similar to 


those for copper and brass, with the addition of a little finely 
divided aluminum. 


Aluminum—The main difficulty experienced in the welding of 
aluminum is due to the rapid formation of aluminum oxide on the 
surface of the metal, and since the melting point of aluminum is 
657.8 deg. C., and that of its oxide 3000 deg. C., it is possible to 
melt the aluminum without melting the oxide, and, in endeavoring 
to melt the oxide, overheating occurs; if, on the other hand, over 
heating is avoided, inclusions of unmelted oxide results. To over 
come this difficulty the use of fluxes is resorted to. The oxide otf 
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aluminum is very difficult to disperse, and the function of this flux 
is to dissolve and deoxidize the layer of aluminum oxide adjacent 
to the joint to be welded. Generally, one would desire to use mix- 
tures of the alkali metal halides and alkaline earths, together with 
a fluoride, which melts at a lower point than the aluminum, is not 
readily volatile, and does not contain any metal which would be 
reduced to the metallic state by the aluminum. However, no fluoride 
has all these properties, and hence the addition of alkalies and 
alkaline earths. Cryolite, a double fluoride of aluminum and so- 
dium, has been tried, but not with any success as a sole constituent 
of a flux for aluminum. This certainly, on fusion, is capable of 
dissolving aluminum oxide, but the melting point of cryolite itself 
is 957 deg. C., which is altogether too high. 

An example of what I consider a good flux for aluminum, with 
a melting point 600 deg. C., is one containing a mixture of lithium 
chloride, potassium chloride, potassium bisulphate and potassium 
fluoride. The reactions which take place in fluxing are, I think, as 
follows: 


The potassium fluoride reacts with the potassium hydrogen sul- 
phate, forming hydrofluoric acid, and this immediately acts on the 
aluminum oxide, forming aluminum fluoride, which is free to com- 
bine with the excess of potassium fluoride existing in the flux, to 
form potassium aluminum fluoride, and this is capable of dissolving 
a further quantity of aluminum oxide. The lithium chloride and 
potassium chloride added, serve the purpose of lowering the fusion 
point of the mixture. 

Another aspect is that the potassium bisulphate may act partially 
alone, for on heating this salt to a temperature higher than its 
melting point it forms potassium pyrosulphate, and on further 
heating breaks up into potassium sulphate and sulphur trioxide. 
As this decomposition takes place at about 600 deg. C., it can be 
understood how the bisulphate will decompose substances like 
cryolite and calcium fluoride at a lower temperature than that 
required to fuse the mineral or salt itself. 

Now aluminium melts very slowly, due to its high specific and 
latent heat and, when castings are to be welded and sand may be 
present, they should be freed from this, as the silica is reduced to 
silicon which weakens the alloy. A flux often used for this class 
of work is composed of potassium chloride and fluorspar; this will 
on fusion dissolve the silicon and prevent combination with the 
aluminum. 

Now, for an aluminum flux, one must be obtained which has a 
lower melting point than that of aluminum itself, and in all the 
aforementioned examples of fluxes, the melting points can be ar- 
rived at, not only of the completed flux, but of their separate con- 
stituents, by taking a quantity of the salts or flux, and heating in 
a graphite crucible, in a Fletcher Russell coal gas air furnace, using 
a platinum, platinum rhodium thermo couple connected to a milli 


4 

; 

1 

1 

| 

' 

| 

i 


38° JOURNAL OF THE A. W. S. [May 


voltmeter recorder and noting the temperature of fusion and arrest 
points on solidification. 

Taking an aluminum flux containing potassium chloride, sodium 
chloride, lithium chloride and a fluoride, the solidification point of 
the binary series KCl-NaCl was determined, and by plotting freez- 
ing points as functions of composition, the liquidus curve was ob- 
tained. No arrest point and therefore no cutectic point was ob- 
served. A similar result was obtained with the sodium chloride— 
lithium chloride series. But two arrest points and therefore two 
cutectic points with the potassium chloride—lithium chloride series 
were noted. Further investigations on this are contemplated. 

The lowest melting point obtained in the sodium chloride—potas- 
sium chloride series was 660 deg. C. This was insufficiently low. 
Search for a chloride of a still lower melting point shows two possi- 
bilities, the use of lithium chloride and calcium chloride. Both 
these in suitable proportions, with either or both of the above 
chlorides yield mixtures of suitable melting points, i.e., lower 
than 658.7 deg. C. Choice therefore seems to lie in their fluxing 
properties; all other conditions being constant, lithium chloride has 
proved the most active. 

Referring again to the property ‘of a flux to decrease surface 
tension, there appears to be an interesting exception to this, in the 
case of aluminum and its flux. Undoubtedly the surface tension of 
this metal in the pregence of a flux is greater than that of the 
metal covered with oxide. This is, in my opinion, due to the thick 
film of oxide forming a semi-rigid structure, so that the resultant 
force of the surface tension is less than if the oxide were absent. 
The flux dissolves this semi-rigid structure of oxide thereby caus- 
ing greater fluidity of the metal (here lies the value of the flux), 
and the exertion of the true surface tension. 


Soldering of Aluminium.—In soldering aluminium, using the 
metal itself or its alloys, the joints made do not maintain their 
strength for any length of time. The difficulties to be overcome 
are due to: 

(1) The peculiar resistance to interfusibility, due to the forma- 
tion of a film of oxide at soldering temperature preventing inter- 
union with the aluminium beneath it, and in consequence the solder 
does not firmly adhere to the surfaces to be united. 

(2) The thermal conductivity of the aluminium. 

(3) The high position of aluminium in the electrochemical series. 

(4) Few metals will “tin” or alloy with aluminium at low tem- 
perature. 

(5) Strong electrolytic action which occurs between aluminium 
and alloying metals in the presence of water. 

(6) Aluminium readily goes into solution at the temperature of 
boiling water, and the salts formed accelerate electrolysis. 

The alloys used are generally zinc-tin mixtures, with or without 
aluminium, and copper or phosphorus. In the latter, the phos- 
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phorus is added in the form of phosphor tin or copper, and is in- 
tended to act as a reducing agent of the aluminium oxide present 
after the cleaning and heating, and so obtain a good “tinning.” 
Some solders are free from phosphorus but contain a high tin con- 
tent. These give joints of a low tensile strength and short life, 
but are more or less free from electrolytic action. However, the 
greater part of the solders that I have tested—their names are 
legion—are alloys‘of tin and zinc. They are good in that the 
joints stand mechanical tests well, and the alloys are easily worked 
and require no flux, but boiling water destroys the joint rapidly, 
and even on exposure to air they rapidly disintegrate. 
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Fluxing Problems in Welding of Mild Steel with the 
Metallic Arc* 
By H. OGDEN, B.A., B.Sc. 


The first men to apply the electric arc to effect the union of two 
pieces of steel by interfusion, Bernados' with the carbon are and 
Slavianof: with iron wire as the electrode, did so without the use 
of flux. In all probability the first weld ever accomplished in iron 
was made ages ago without flux, for it is well known that some 
wrought irons, by virtue of their 114 per cent of low fusible cinder, 
flux themselves. With the purer metal, steel, it is usual in forge 
welding to use an added flux, usually sand or borate, the function 
of which is to protect the hot metal from contamination by the fue! 
and oxygen of the air, and to form with the scale a low fusible slag, 
which is squeezed from between the welding faces by external 
pressure. It is suggested that this use of flux in forge welding first 
turned the attention of such pioneers of arc welding as Pommee' of 
Hamburg, to the possibilities of the similar use of flux in arc weld- 
ing. It is known that the first attempts at fluxing were made by 
dusting the weld with the smith’s flux during its formation under 
the arc, but this method was quickly replaced by the automatic 
method of applying the flux as a coating on the welding wire. In 
arc welding, however, the fluxing problem is not the same as in 
forge welding, for, to quote R. S. Kennedy,’ “In electric arc 
welding with a metallic electrode, one great advantage is that, with 
exception of the atmosphere there are no impurities to guard 
against except such as are introduced in the materials. The source 
of heat is pure and it is necessary to see that the job is properly 
cleaned, and the metallic electrode of suitable material.” It might 
be added that arc welding is essentially a fusion welding process, 
whereas in welding proper the metal is entirely in the plastic 
solid condition. The foremost fluxing problem in arc welding is 
the protection of the molten metal in the neighborhood of the arc 
from the atmosphere, and any substance introduced to achieve this 
end will be included under the name of flux, whether or not the 
substance is a flux in the true sense of the word. When the high 
temperatures which obtain in the arc are considered, it will be seen 
that to protect the arc is no very simple matter, for it is certain 
that part of the iron is vaporized and the highest temperature of 
the molten metal is only limited by the boiling point of iron. 

As secondary considerations, a welding flux should contain sub- 
stances of high thermionic emissivity, such as the oxides of the 
alkaline earths, which tend to yield a stable arc, giving a smooth 
running electrode, and also tend to localize the arc, thereby increas- 


*A contribution to a general discussion on “Fluxes and Slags in Metal Melting and 
Working,” held by the Faraday Society and the Institute of Metals with the cooperation 
of the British Non-Ferrous Metals Re ae arch Association and the Institute of British 
Foundrymen, on Monday, April 28, 192 
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ing its penetrating power. Moreover, the flux should consume 
evenly with the wire, and if producing a slag this should be limpid 
in character, for if it were viscous it would more easily be trapped 
in the weld. Other physical properties of the slag should also be 
attended to, so that there is least danger of the slag causing inclu- 
sions in the weld and blowholes. 

In the voluminous patent literature of arc welding fluxes the 
most general claims of patentees are that the flux protects the 
deposited metal from oxidation during the welding process and at 
the same time yields a smooth working electrode, coupled with the 
special means by which the flux is applied, and fixed to the wire. 
Some also claim, in addition, to make good the loss of various 
constituents sustained by the electrode material in passing across 
the are, and others claim to combine with the oxide in the deposit, 
which oxide passes into the removable slag instead of remaining 
in the weld, both of which claims rather appear to point to the 
incompleteness of the protection from atmospheric attack afforded 
by the flux. There is an old adage, “Prevention is better than cure,” 
which the writer believes aptly applies to the protection of are 
welded metal from contamination by oxygen and nitrogen. 

With regard to published works on the use of flux in arc weld- 
ing, attention is drawn to a paper by Prof. H. Neese,* which deals 
comprehensively with the craft. Part II of this paper devotes 
attention to tensile tests of welds made with various fluxes in com- 
parison with tests of similar welds, made with the same quality 
of welding wire by the same operator under the same electrical 
conditions, but without flux. In all, he tried seven different fluxes, 
composed of various slag building and deoxidizing materials, and 
found that welds made with the flux-coated wire gave results, some 
higher and some lower than the bare wire welds. These results 
are given in condensed form in Tables I and II. The professor 
concludes “that the result of his experiments with flux coating is 
negative. No improvement of the structure of the deposited metal 
was observed in microscopic examination either by reducing the 
oxidation or eliminating slag inclusions or blowholes; on the con- 
trary, the professor found that covering an electrode with flux 
influences the soundness of a weld unfavorably. Despite the greater 
unsoundness, however, the highest tensile strength was obtained 
with a flux-coated electrode, and the professor advises the use of 
flux from practical considerations in that it is considerably easier 
for a welder to hold a steady are and flux enables him to make 
a smoother and more even weld; also impurities in the work metal 
are more easily melted out with the help of a molten flux. A welder 
seldom works under the easy conditions which obtain in making 
test pieces and he requires all the assistance a good flux can give 
in making his work easier.” 

Another paper, by W. E. Ruder,‘ deals with attempts to denitro- 
genize the weld metal by including in the wire elements with a 
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special affinity for nitrogen; the results were, however, negative. 
On this same question, Dr. Paterson® states that he has come across 
no weld, whether made with bare iron or flux-coated iron, that did 
not contain from 0.05 to 0.1 per cent of nitrogen. In a paper by 
J. Caldwell,’ a table of a series of tests carried out by the Research 
Committee of the Emergency Fleet Corporation, U. S. A., com- 
paring welds made under various processes, in which the 
best individual test was obtained with a bare mild steel wire. 
It would appear, therefore, that the findings of Professor 
Neese on the effect of flux in arc welding are generally sup- 
ported by other workers in the craft, and that the demand for 
flux-coated wire for are welding rests chiefly on practical consider- 
ations such as those put forward by Professor Neese, which are 
sound, coupled with a prejudice toward some form of protection, 
however imperfect, due to the knowledge that the metal in the arc 
requires protection. The writer believes there is more good to be 
derived from fluxing than the quoted references indicate. Dr. B. P. 
Haigh’ gives a clue to this in two photo-micrographs, one showing 
a ferritic structure in a tough part of an are weld and the other 
showing a laminated ferritic structure in the brittle part of the 
same weld, the weld presumably having been made with the same 
electrodes throughout. 

The problem is whether the fluxing conditions can be manipulated 
so that a normally efficient welder is able to obtain tough metal 
throughout his weld. 

With regard to the tensile test, a good welder, provided with suit- 
able materials, can make a weld with either a fluxed or a bare wire, 
which will break well away: from the weld, as illustrated by ab- 
stracts of tests given in Table III. 

Further, the author’s experience coincides with Professor Neese 
on the point that fluxes in general increase the number of blow- 
holes and slag inclusions in the weld metal. 

In a series of experiments made to discover the influence of flux 
coating on the ductility of are deposited metal, small bars, 6 in. 
by 14 in. by 14 in., were built up with the are and roughly ground 
up square and then bent by clamping in a vise and hammering the 
projecting end. With bare wire of various compositions the maxi- 
mum bend obtained was 45 deg. and with wire of any definite com- 
position successive tests yielded the same angle of bend to within 
a few degrees. With wire coated with various fluxes, angles of 
bend to the first crack of 5 deg. to 120 deg. were obtained, and on 
occasional instances almost 180 deg. were obtained. 

In conclusion, the writer firmly believes that a suitable flux, 
manipulated by a conscientious and capable welder, gives a weld 
of superior mechanical properties, but, again quoting Mr. R. 5S. 
Kennedy,* “In are welding, in common with all hand welding, a 
good job depends very largely on the conscientious work of the 
man.” 
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My thanks are due to Mr. R. S. Kennedy for permission to give 
this paper, and to the Sir John Cass Institute, where some of the 
experiments were made. 
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TABLE I 
ABSTRACTED FROM PROFESSOR H. NEESE’s PAPER, STAHL, EISEN, 1922. 
Test oF Lap WELDpDs 


Analysis of Powder Result Microse opie Examination 


| 

] 25 Carbon, 5Ale, Os, 20 glass, 20 41 per cent. | more slag 

10Bz, O7, 108iO2, 1ONaz, COs. ... strength | ine lusions, Nitride lines. 

2 30 per cent. Ferro Silicon, 45 per cent. Si, 10 | 
per cent. Ferro Manganese, 50 per cent. Mn, | 

15 per cent. Silicon, 5 per cent. Manganese | 50-59 per cent. 
| added to Flux I | strength | As above. 

3 | 35.5 Borie Acid, 50 NaC i, 2 27 Pot. Ferro Cya- | Blowholes, slag inclusion. 
| _nide, 7.5 Rosin. . 61 percent. | Fewer nitride needles. 

4 | An American Flux, 10Mg, 5Al, 5C, 25MgO, | Free from large blowholes, 
| 25C aO, 258102. 5Naz, COs 55.9 per cent. | numerous slag inclusions: 
| | structure comparatively 

| free from acidularity 

} 40 Borax, 45 Glass, 15 Soda... . | 657.7 per cent. No large holes, numerous- 

| small slag inclusions 

6 | 35H3, BOs, 35CaO, 30C. Recommended as | 
| good by several sources 63.3 per cent | No special features. 

7 | Aluminium Magnesium added to 6 in same 

percentage as in No. 4 Lower strength Usual features. 
8 sa 59.5 per cent 


TABLE II 
Tests oF BuTT WELDS, ABSTRACTED FROM 


PROFESSOR H. N&ESE’s PAPER 


| Strength 
; Yield Ultimate | Ultimate | Ultimate | Exten- Contrac- in Per 
lest Flux Point, Strength, | Strength, Tons, sion, tion, Cent. 
No. Kg. Kg. Kg. Sq. Inch | Per Cent in Area | Original 
(per 8q.mn.) Bar 
None 7900 | 10600 35.5 22.54 | 8 ee | 83.8 
2 Powder 1.7050 | 11600 36.9 23.4 j 8.5 15 92.2 
3 Powder 6.7340 11600 36.9 23.4 8.7 21 | 92.2 


TABLE III 
Tests OF WELDS MADE BY THE BRITISH ARC WELDING Co. IN %4-INCH MILD STERL PLATE 


| 

| Ultimate | Extension | Reduction | 

No \StrengthinTons; Per Centin | of Area 

pe r Sa. Inch | 8 Inches | Per Cent | 
l “Base wire hein 25.4 26.1 56 Broke in solid 
- Fluxed Wire. 25.7 20.2 51 | Broke in solid 
5 Fluxed Wire 30.2 20.0 K Broke in solid 
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crossing frog welding, building up rail ends, switch paint welding, rail bonding. 
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M. R. Thompson, Acetylene Journal, April, 1924, Vol. 25, pp. 481-6. Tightness 
of cast iron pipe joints, oxy-acetylene brazed joint, strength of brazed joint, 
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centrifugally cast pipe, relative costs, cost of pipe in center per foot, tensile 
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Motor Shop, February, 1924, Vol. 23, pp. 17-18 and 25. 

Oxy-Acetylene Welded Gas Holder, G. O. Carter, Welding Engineer, April, 
1924, Vol. 9, pp. 24, 25 and 28. Procedure followed in the construction of a 
50,000 cubic foot capacity tank. . 

Oxy-Acetylene Welding and Cutting Blowpipes, Iron and Coal Trade Rev., 
Jan, 18, 1924, Vol. 108, p. 104. Cutting blowpipes, welding blowpipes. 
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Possibilities of Electric Welding, Welding Engineer, April, 1924, Vol. 9, 
pp. 34-36. Possibilities of welding as a fabricating process, arc welding, elec- 
tric are cutting, resistance welding. 

Repairing a Ruptured Pipe by Oxy-Acetylene Welding, Pacific Marine 
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Welding as a Science, Autocar, Jan. 18, 1924, Vol. 52, p. 118. 

Welding Four Sheet Fireboxes for Mallet Locomotives, John A. Doan- 
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Welding in Locomotive Repair Shops, Fred E. Rogers, Railway Journal, 
April, 1924, Vol. 30, pp. 31-36. Locomotive parts repaired by oxy-acetylene 
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ders, stokes, repair work, superheater units, rod brasses and driving boxes, 
broken wheel spokes and tires, reclamation work, acetylene welding, torches. 

Welding Versus Silver Soldering, Western Machinery World, April, 1924, 
Vol. 15, pp. 126-27. 
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G-E Portable Arc Weild- 
ing sets ready for ship- 
ment toa Western rail- 
road. 


“Good news, Tom! 
your next outfit’s a G-E” 


“That’s the talk, Mr. Burns! I’ll 
show you some real welding with 
that set. It’s like putting an old pal 
on the job with me—you know I 
G-E Are Welding Sets make the boss had one in the other shop, and hung 


and the welder fast triends—because 
neither can find any reason for kicks. upa record for good strong welds’’. 


*‘No wonder you wanted a G-E on 
this job’. 

“Check me as often as you like on 
its making good—steady arc easy 
to hold, good penetration, welds 
overhead slick as new metal—saves 
you money all the time’’. 


Dick and Harry use G-E arc weld- 
ing sets same as Tom—and they’re 
glad to speak right up about them 
too. 


Bulletins describing G-E welding 
equipment and the G-E welding 


General Electric Co n : 
Pai N. ~ uted school sent on request. Write our 


Sales Offices in all Large Cities nearest office. 


668-1 


GENERAL ELECTRIC 
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Welding Rods 


and Wires 


LEKTROX SWEDOX NICKOX CYLKOTE 

NONOX SWEDOX KROMOX MANKOTE 

ARC CARBOX TOBIN BRONZE 

GAS CARBOX STEELKOTE BRAZOX 

CASTOX LEKKOTE BRONZOX 

VANOX ALUMINOX MANGANESE BRONZE 


The above list of Welding Rods covers the American Welding Society’s Speci- 
fications E-No. 1A, E-No. 1B, E-No. 1C, G-No. 1A—Folio Nos. 1-E and 1-G, and a 
large variety of other analyses developed by us for special purposes. 


Put your welding problems up to our experts—(Demonstration will be made 
wherever possible.) Free samples of any rod sent upon request. 


Chicago Office and Yetroit Office and 
Warehouse 


Warehouse 
127 North Peoria St. Gxttral Bellevue & Warren Aves. 
CHICAGO, ILL. 


DETROIT, MICH. 
Phone Haymarket 7400 Phone Melrose 4032 


WILSON 


Welding Machines and 
“Color-Tipt” Welding Wire 
Special Grades of Wire for Welding 
STEEL—CAST IRON—BRASS—BRONZE— 
MONEL-METAL 


Wilson Welder & Metals Co., Wilson Building, Hoboken, N. J. 


Bulletins Training Course 


FOR WELDERS 


Bulletins have now been prepared on the training 
courses for oxy-acetylene and electric are welders. 
Copies may be obtained at 25 cents each by writing 
to the Secretary. 
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AUTOMATIC 


AUTOMATI 
SPOT 


GIBB WELDING SERVICE 
EMBRACES 


First—A complete line of Electrical Welding Equipment, making 
possible the best type machine for the job taking all facts into 
account. There are cases when either an are or a spot welder might 
be used; an are or an automatic arc; an automatic are or an 
automatic seam. Gibb Welding Service advises that which is most 
applicable. 

Second—Sales Engineers who quickly recognize the nature of a job, 
and who from experience and an intimate knowledge of our complete 
line are in a position to determine the best solution. 

Third—An up-to-date factory capable of following out the ideas of 
the engineer and his client. 

Fourth—Installation Engineers of experience with welding machines 
and their application to production. 


Tell us what you want to weld—let us 
give you the benefit of our experience. 


GIBB INSTRUMENT COMPANY 


Bay City, MICH. 


PHILADELPHIA DETROIT CLEVELAND CHICAGO 
521 Arch Street Gen. Motors Bldg 2104 Superior St. 428 Peoples Gas Bldg 
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\ NEW MODEL K 
CUTTING TORCH 


The Rego C cutting torch has always been a 
leader because of its speed and economy 
of cutting. It was hard to conceive how 
it could be improved. But Rego en- 
gineers are never satisfied and have 
developed the new Rego K 
Kutter. This puts Rego so far 
ahead of all other cutting 
torches that there is no 

comparison. 


A 

Mixing 
Chamber 

in Every Tip 


Each Rego K tip con- 

tains its own mixing 

chamber. This construc- 

tion insures perfect mixture 

and full heat value—covered 

by basic patents. Preheating 

holes as a part of the tip are also a 
patented construction. It will pay 
you to be sure that the equipment you 
use is manufactured under these basic 
patents. 


RESO K Kutting Torch 


A torch designed for all general cutting work in rail- 
road shops, ship yards, scrap yards, steel mills and 
foundries. Small tip nut makes it especially handy 
ior close work, such as cutting risers from castings, 
and removing rivet heads. 


Length 20 inches. 


Price—K Torch, 5 Tips, $55.00 
Write for Full Details 


Distributed Nationally By 


Kentucky Oxygen Hydrogen Co., Logan St. & Goss Ave., 
Weldex Equipment Co, 3 Millard Ave., 
international Oxygen Co., 796 Frelinghuysen Ave., 
Gas Products Co., 
Memphis Oxygen Co., 


Louisville, Ky. 

N. Tarrytown, N. Y 
Newark, N. J. 
Columbus, Ohio. 


682 Se. Main St., Memphis, Tenn. 


St. Paul Welding & Mfg. Co., 
Acme Oxygen Co., 

Welderaft Equipment Co., 
The Bastian-Blessing Co., 


174 W. Third St., 

Pershing Read at Racine Ave., 
2723 Liberty Ave.. 

252 East Ontario St. 


St. Paul, Minna. 
Chicago, ttl. 
Pittsburgh, Pa. 
Chicago, Ili. 
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Welding operators have 
a marked preference for 
Lincoln Welders owing 
to their ease of oper- 
ation. 


In shops where Lincoln 
and other arc welders 
are also installed, oper- 
ators will try to get the 
Lincoln machine, espe- 
cially on piece work, be- 
cause they are able to 
get a very much larger 
output. 


They can work steadily 


all day with very muc! 
less strain and fatigue 


than on machines which 
require undue concen- 
tration to keep from 
breaking the arc. 


THE LINCOLN ELECTRIC COMPANY 


General Offices and Factory: CLEVELAND, OHIO 


The Lincoln Electric Co. of Canada, Ltd., Toronto-Montreal 
European Representatives: Allen-Liversidge, Ltd., London 


BRANCH OFFICES 


Boston Cincinnati Minneapolis 
Buffalo Detroit New York City 
Charlotte, N. C. Ft. Worth, Texas Philadelphia 
Chicago s Angeles Pittsburgh 
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ROEBLING WELDING WIRE 


CONFORMS TO THE SPECIFICATIONS OF THE 
AMERICAN WELDING SOCIETY 


Roebling Welding Wire gives satisfactory 
service and demonstrates its efficiency and 
reliability. Exacting tests have proven 
that it possesses those qualities essential 
to good welding. 


If you are not using Roebling Welding 
Wire, it amply merits your consideration. 


Roebling copyrighted trade-mark JR stamped on each ELECTRODE 


JOHN A. ROEBLING’S SONS CO. 
TRENTON NEW JERSEY 


ACETYLENE IN PORTABLE 
CYLINDERS FOR OXY-ACETYLENE 
WELDING AND CUTTING 


Do you understand our free loan cylinder plan? If not, 
We are glad to explain 


Supplied in the following size cylinders: 
10” x 30”—capacity 125 cu. ft. 
12” x 36°——-_ 


Prompt and efficient service on any quantity through plants 
and warehouses and truck deliveries. 


Commercial Acetylene Supply Co., Inc. 
(Main Office) 80 Broadway, New York City, N. Y. 


BRANCHES: 
421 Trust Co. of Georgia Bldg., Atlanta, Ga. 
80 E. Jackson Boulevard, Chicago, Ill. 
553 Monadnock Bldg., San Francisco, Cal. 
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PREST-O-LITE PRE-EMINENCE 


HE result of sincere, unceasing effort, backed 


by the essentials of success, to establish and 
maintain purity of product and dependability of 
service, available a/ways where there exist demands 
for dissolved acetylene—55 plants and warehouses 


at your service. 


Baltimore New Orleans 
Kansas City New York 
Los Angeles Seattle 
Pittsburgh San Francisco 
Buffalo Dallas 
Cleveland DISSOLVED ACETYLENE Bostor 


Alanta 


THE PREST-O-LITE COMPANY, Inc., 


Detroit 


General Offices: CARBIDE AND CARBON BUILDING, 30 EAST 42nd ST. 


ADDRESS ANY 


NEW YORK 
DISTRICT SALES OFFICE 


LISTED ABOVE 


They start when you buy 


XWELD has District Engineers 

in every one of its thirty-five 
branch cities and Resident Engi- 
neers at many other points as well. 

These are all men with practical 
training. They are all able to study 
your plant to see if the Oxweld 
method of welding and cutting of- 
fers an economy to you in produc- 
tion or in plant maintenance. They 
may even demonstrate savings on 
your own work. 

After you purchase Oxweld in- 
jector type equipment on this prac- 
tical basis these Resident Engineers 
continue to serve you. They sug- 


gest new uses to you; they aid you 
in solving welding and cutting prob- 
lems; they help you on production 
and labor. 


Back of each Oxweld Engineer is the ex- 
perience of all other Oxweld Engineers, and 
back of all these Resident Engineers are 
Oxweld’s extensive engineering and labora- 
tory facilities. 

Whatever your business is, if you use 
machinery or make machinery, you should 
consult one of our Resident Engineers to 
learn how the Oxweld method of welding 
and cutting can save you time or money, 
or both. 

Send for illustrated booklet, ““Oxweld Can 
Do It,” or better still, telephone or wire the 
nearest branch for the Resident Engineer 
to see you. 


OXWELD ACETYLENE COMPANY 


CHICAGO 
3642 Jasper Place 


LONG ISLAND CITY, N. Y. 
Thompson Ave. & Orton St. - 


WELDING AND CUTTING APPARATUS 


SAN FRANCISCO 
1050 Mission Street 


WORLD’S LARGEST MANUFACTURERS OF WELDING AND CUTTING EQUIPMENT 
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ELECTRODES 


Page-Armco Electrodes are the purest iron 
known commercially (99.84%). 

The impurities taken in the aggregate do not 
exceed 16/100 of 1% when considering silicon, 
sulphur, phosphorus, carbon, manganese, cop- 
per, oxygen, hydrogen, and nitrogen. 
Page-Armco Electrodes conform to the Amer- 
ican Welding Society Specifications for Elec- 
trodes, Grade E-No. 1-A. 


Blue tag—ends of rods colored blue. 


PAGE STEEL AND WIRE COMPANY 
Bridgeport, Connecticut 


Associate Company of the AMERICAN CHAIN Co., INC. 


District Sales Offices: 
CHICAGO NEw YORK PITTSBURGH SAN FRANCISCO 


Manufacturers of 
RODS—Armeo Ingot Iron and Special Analysis Steel. 


WIRE—Plain and Galvanized—Telephone, Telegraph, 
Bond, Strand, Gas Welding Rods 
and Electrodes. 

FENCE—Woven Wire for Farm and 
Railway Right of Way, Wire Link 
Protection for Industrial Plants, 
Lawns, Schools and Estates, and 


Factory Partitions. 
| 
| | 


Also manufacturers of Page 
High Carbon Gas Welding 
Rods and Electrodes for 
welding high carbon steel. 
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1104 Hamilton Ave., 


PROTEXSITE WELDING 
GOGGLE 


Here is a goggle that 
pleases every welder be- 
cause it is cool and com- 
fortable to wear, gives 
real protection from 
dangerous ultra violet 
and infra red rays and 
is sturdy in construction. 
Lenses easily replaced. 
We supply all welding 
shades. Send for our 
catalog of Safety Gog- 
gles, Helmets and 
Gloves. 


Headquarters for Welding Glass for Helmets 
The Safety Equipment Service Co. 


B. W. Nutt, Pres. 
Cleveland, O. 


MILBURN 


Efficiency and economy of gases are achieved in Milburn 
Welding and Cutting Apparatus. 
Welding Torches 


Acetylene Generators 
Cutting Torches 


Compressing Plants 
Send for Catalog No. 354 


Regulators 
Accessories 


THE ALEXANDER MILBURN COMPANY 


3altimore, Md. 


1416-28 W. Baltimore Street 


Essentials for Safe and Reliable Electric Arc Welding 


WANAMAKER COATED ELECTRODES 
and TECOR ACCESSORIES 


Write for Booklet 


TRANSPORTATION ENGINEERING CORPORATION 


15 PARK ROW . 327 S. LA SALLE STREET 
NEW YORK CHICAGO 
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K-G Welding & Cutting Co., Inc. 


556 WEST 34th STREET 
NEW YORK CITY 


MANUFACTURERS OF 


K-G-TORCHES 


SAFETY, ECONOMY and DURABILITY 


are built into Torchweld Torches and Torchweld Gas Pressure 
Regulators. This insures SATISFACTORY SERVICE to every 
user of Welding and Cutting Apparatus who buys Torchweld 
Equipment to take care of their requirements. 

Send for free Catalog No. 23 which explains why this is true. 


TORCHWELD EQUIPMENT COMPANY 


224 NO. CARPENTER ST. CHICAGO, ILL. 


ACETYLENE FROM CAKES 


The most modern, efficient and safest source 
of acetylene supply—Carbic CAKES. 


Not an experiment. Hundreds of Carbic gen- 
erators using Carbic are in daily use on all 
kinds of welding and cutting work. 


The use of Carbic Cakes permits an ease of 
handling, a convenience and a safety not other- 
wise obtainable. 


Acetylene from Carbic costs less than one-half 
as much as compressed acetylene and only a 
few drums of cakes carried in stock insure a 
large supply of gas on hand at all times. 


CARBIC MFG. CO. 


Duluth, Minn. New York, 141-149 Centre St. 

Carbie low pressure, Boston, 27 School Street Chicago, 565 W. Wash. Bivd. 
portable generator. 

Wels, The Hendrie & Bolthoff Mig. & Supply Co., Denver, Colorado. 

2 

as standard 

Laboratories. Offices and Representatives in other principal Cities 


min 


Woodward, Wright & Company, New Orleans, La. 


4 
| 
+ ve 
3 
| 
| = 
| 
| | 
/ | 
| HE | 4 
; \ 
| 
| 
| a | 
| 
: 
| | : 
| 
| | 
| | | 
| 


JOURNAL OF THE A. W. S. [May 


CESCO HAND SHIELD 


The illustration gives you full detail of size of 
Cesco Hand Shield No. 10 
Material—Black fibre formed to shape. 
Lens—*Essentialite,”” the standard glass. 
Lens Holder—Pressed metal fitted with spring 
tension for holding glass in place. 
Handle—Fibre tube 7 inches in length allowing 
good space for grip. 
Packed one in a box 


No. 10 Sold by all leading Jobbers, or Write Manufacturer 


CHICAGO EYE SHIELD CO., 2300 Warren Ave., Chicago, Ill. 


Only One Shrinkage 
in Thermit Welds 


Where a weld cannot be made all in one layer, the shrinkage of the 


second and subsequent layers is resisted by those already solidified and 
shrinkage strains may result. 


= 
— 


Up to a certain thickness, say 1 in., these strains will result in warp- 
ing and the strains will thus be relieved; beyond this, the internal shrink- 
age strains will remain and early failure may result. 


A Thermit weld is made in one operation regardless of the thickness 
of the section, and, therefore, there is only one shrinkage which can al- 
ways be allowed for in advance. 


Use Thermit for all heavy operations, such as locomotive frames. 


METAL & THERMIT CORPORATION 


120 Broadway, New York 
PITTSBURGH CHICAGO BOSTON S. SAN FRANCISCO TORONTO 


HII 


DID) 


“THE UNIVERSAL WELDING MACHINE” 
The Only Really Portable Machine 
ARE YOU AWARE that our machine 


can be made to operate from any 


INDUSTRIAL POWER SUPPLY A. C. or D. C. 


Electric Arc Cutting & Welding Co. 
152-56 JELLIFF AVE., NEWARK, N. J. 
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ELECTRIC ARC WELDING EQUIPMENTS 


Voltmeter and. ammeter furnished 
for indicating polarity and current. 
Meters are not necessary for reg- 
ulating welding current. 


a 


Self exciting. No exciter to main- 
tain. No accidental reversal of 


polarity. 


Terminals for welding leads. 


Polarity plainly marked, 


Oil immersed safety switch for 
starting. 


Indicator plate and pointer shows 
seitings and current values. Wide 
range of current tegislation 50 to 
joo amperes in aa infinite number 
of steps. 


Eyebolt for easy handling. A 


Liberal design. Rugged Construc- 
tion 


Accurate and convenient regulation 
of welding current to value desired. 
Open circuit voltage practically 
constant throughout entire Tange. 


Ball bearings 


Current can be adjusted either 
before starting the set of while in 
operation. 


Sparkléss commutation. Ample 
brush surface 4 


Variable Voltage Type Equipment 


BURKE ELECTRIC CO. 


MAIN OFFICE AND WORKS, ERIE, PA. 
SERVICE SALES OFFICES 


New York Philadelphia Cleveland Pittsburgh 
Chicago Buffalo Detroit 
SALES AGENCIES 
Kansas City Cincinnati Milwaukee 
W. T. OSBORN UNDERWOOD ELEC. CO. FRED H,. DORNER ; 


Chicago: Western Welding & Equip. Co. 
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Anything and Everything 


For Oxyacetylene Welding and Cutting 


Public faith in a product is a reflection 
of faithful performance. Thus, con- 
sistently, have Airco Oxygen and 
Airco Acetylene built up good-will. 


AIR REDUCTION SALES COMPANY | 


Manufacturer of Airco Oxygen and Airco Acetylene and other 
Airco and Airco-Davis-Bournonville products——Controls 
the Manufacture and Sale of National Carbide. 


Air Reduction Sales Company maintains its own Apparatus 
Repair Shop in each Airco District Office city. 


Home Office: 342 MADISON AVE.,.NEW YORK, N. Y. 


Aireo District Offices, 
Plants and Distributing Airco Oxygen and 


Stations conveniently locat- Acetylene Service is 
ed throughout the Country | Distributing Good Service” 


tations 
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